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METHODS FOR GENERATING GENETICALLY ALTERED ANTIBODY- 
PRODUCING CELL LINES WITH IMPROVED ANTIBODY CHARACTERISTICS 

TECHNICAL FIELD OF THE INVENTION 

5 The invention is related to the area of antibody maturation and cellular production. In 

particular, it is related to the field of mutagenesis. 

BACKGROUND OF THE INVENTION 

The use of antibodies to block the activity of foreign and/or endogenous polypeptides 
10 provides an effective and selective strategy for treating the underlying cause of disease. In 
particular is the use of monoclonal antibodies (MAb) as effective therapeutics such as the 
FDA approved ReoPro (Glaser, V. (1996) Can ReoPro repolish tarnished monoclonal 
therapeutics? Nat. Biotechnol. 14:1216-1217), an anti-platelet MAb from Centocor; 
Herceptin (Weiner, L.M. (1999) Monoclonal antibody therapy of cancer. Semin. Oncol. 
15 26:43-51), an anti-Her2/neu MAb from Genentech; and Synagis (Saez-Llorens, X.E., et al. 
(1998) Safety and pharmacokinetics of an intramuscular humanized monoclonal antibody to 
respiratory syncytial virus in premature infants and infants with bronchopulmonary dysplasia 
Pediat. Infect. Dis. J. 17:787-791), an anti -respiratory syncytial virus MAb produced by 
Medimmune. 

20 Standard methods for generating MAbs against candidate protein targets are known 

by those skilled in the art. Briefly, rodents such as mice or rats are injected with a purified 
antigen in the presence of adjuvant to generate an immune response (Shield, C.F., et al. 
(1996) A cost-effective analysis of OKT3 induction therapy in cadaveric kidney 
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transplantation. Am. J. Kidney Dis. 27:855-864). Rodents with positive immune sera are 
sacrificed and splenocytes are isolated. Isolated splenocytes are fused to melanomas to 
produce immortalized cell lines that are then screened for antibody production. Positive lines 
are isolated and characterized for antibody production. The direct use of rodent MAbs as 
5 human therapeutic agents were confounded by the fact that human anti-rodent antibody 
(HARA) responses occurred in a significant number of patients treated with the rodent- 
derived antibody (Khazaeli, M.B., et al. 9 (1994) Human immune response to monoclonal 
antibodies. J. Immunother. 15:42-52). In order to circumvent the problem of HARA, the 
grafting of the complementarity determining regions (CDRs), which are the critical motifs 

10 found within the heavy and light chain variable regions of the immunoglobulin (Ig) subunits 
making up the antigen binding domain, onto a human antibody backbone found these 
chimeric molecules are able to retain their binding activity to antigen while lacking the 
HARA response (Emery, S.C., and Harris, W.J. "Strategies for humanizing antibodies" In: 
Antibody Engineering C.A.K. Borrebaeck (Ed.) Oxford University Press, N.Y. 1995. pp. 

15 159-183. A common problem that exists during the "humanization" of rodent-derived MAbs 
(referred to hereon as HAb) is the loss of binding affinity due to conformational changes in 
the 3 dimensional structure of the CDR domain upon grafting onto the human Ig backbone 
(U.S. Patent No. 5,530,101 to Queen et al). To overcome this problem, additional HAb 
vectors are usually needed to be engineeredby inserting or deleting additional amino acid 

20 residues within the framework region and/or within the CDR coding region itself in order to 
recreate high affinity HAbs (U.S. Patent No. 5,530,101 to Queen et al). This process is a 
very time consuming procedure that involves the use of expensive computer modeling 
programs to predict changes that may lead to a high affinity HAb. In some instances the 
affinity of the HAb is never restored to that of the MAb, rendering them of little therapeutic 



Another problem that exists in antibody engineering is the generation of stable, high 
yielding producer cell lines that is required for manufacturing of the molecule for clinical 
materials. Several strategies have been adopted in standard practice by those skilled in the art 
to circumvent this problem. One method is the use of Chinese Hamster Ovary ( CHO) cells 
30 transfected with exogenous Ig fusion genes containing the grafted human light and heavy 



25 



use. 
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chains to produce whole antibodies or single chain antibodies, which are a chimeric molecule 
containing both light and heavy chains that form an antigen-binding polypeptide (Reff, M.E. 
(1993) High-level production of recombinant immunoglobulins in mammalian cells. Curr. 
Opin. Biotechnol 4:573-576). Another method employs the use of human lymphocytes 
5 derived from transgenic mice containing a human grafted immune system or transgenic mice 
containing a human Ig gene repertoire. Yet another method employs the use of monkeys to 
produce primate MAbs, which have been reported to lack a human anti-monkey response 
(Neuberger, M., and Gruggermann, M. (1997) Monoclonal antibodies. Mice perform a 
human repertoire. Nature 386:25-26). In all cases, the generation of a cell line that is capable 

10 of generating sufficient amounts of high affinity antibody poses a major limitation for 

producing sufficient materials for clinical studies. Because of these limitations, the utility of 
other recombinant systems such as plants are currently being explored as systems that will 
lead to the stable, high-level production of humanized antibodies (Fiedler, U., and Conrad, U. 
(1995) High-level production and long-term storage of engineered antibodies in transgenic 

15 tobacco seeds. Bio/Technology? 13:1090-1093). 

A method for generating diverse antibody sequences within the variable domain that 
results in HAbs and MAbs with high binding affinities to antigens would be useful for the 
creation of more potent therapeutic and diagnostic reagents respectively. Moreover, the 
generation of randomly altered nucleotide and polypeptide residues throughout an entire 

20 antibody molecule will result in new reagents that are less antigenic and/or have beneficial 
pharmacokinetic properties. The invention described herein is directed to the use of random 
genetic mutation throughout an antibody structure in vivo by blocking the endogenous 
mismatch repair (MMR) activity of a host cell producing immunoglobulins that encode 
biochemically active antibodies. The invention also relates to methods for repeated in vivo 

25 genetic alterations and selection for antibodies with enhanced binding and pharmacokinetic 
profiles. 

In addition, the ability to develop genetically altered host cells that are capable of 
secreting increased amounts of antibody will also provide a valuable method for creating cell 
hosts for product development. The invention described herein is directed to the creation of 
30 genetically altered cell hosts with increased antibody production via the blockade of MMR. 
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The invention facilitates the generation of high affinity antibodies and the production 
of cell lines with elevated levels of antibody production. Other advantages of the present 
invention are described in the examples and figures described herein. 



5 SUMMARY OF THE INVENTION 

The invention provides methods for generating genetically altered antibodies 
(including single chain molecules) and antibody producing cell hosts in vitro and in vivo, 
whereby the antibody possess a desired biochemical property(s), such as, but not limited to, 
increased antigen binding, increased gene expression, and/or enhanced extracellular secretion 

10 by the cell host. One method for identifying antibodies with increased binding activity or 

cells with increased antibody production is through the screening of MMR defective antibody 
producing cell clones that produce molecules with enhanced binding properties or clones that 
have been genetically altered to produce enhanced amounts of antibody product. 

The antibody producing cells suitable for use in the invention include, but are not 

15 limited to rodent, primate, or human hybridomas or lymphoblastoids; mammalian cells 

transfected and expressing exogenous Ig subunits or chimeric single chain molecules; plant 
cells, yeast or bacteria transfected and expressing exogenous Ig subunits or chimeric single 
chain molecules. 

Thus, the invention provides methods for making hypermutable antibody-producing 
cells by introducing a polynucleotide comprising a dominant negative allele of a mismatch 
repair gene into cells that are capable of producing antibodies. The cells that are capable of 
producing antibodies include cells that naturally produce antibodies, and cells that are 
engineered to produce antibodies through the introduction of immunoglobulin encoding 
sequences. Conveniently, the introduction of polynucleotide sequences into cells is 
accomplished by transfection. 

The invention also provides methods of making hypermutable antibody producing 
cells by introducing a dominant negative mismatch repair (MMR) gene such as PMS2 
(preferably human PMS2\ MLH1, PA/57, MSH2, or MSH2 into cells that are capable of 
producing antibodies. The dominant negative allele of a mismatch repair gene may be a 
truncation mutation of a mismatch repair gene (preferably a truncation mutation at codon 134, 
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or a thymidine at nucleotide 424 of wild-type PMS2). The invention also provides methods in 
which mismatch repair gene activity is suppressed. This may be accomplished, for example, 
using antisense molecules directed against the mismatch repair gene or transcripts. 

Other embodiments of the invention provide methods for making a hypermutable 
antibody producing cells by introducing a polynucleotide comprising a dominant negative 
allele of a mismatch repair gene into fertilized eggs of animals. These methods may also 
include subsequently implanting the eggs into pseudo-pregnant females whereby the fertilized 
eggs develop into a mature transgenic animal. The mismatch repair genes may include, for 
example, PMS2 (preferably human PMS2), MLH1, PMS1, MSH2, or MSH2. The dominant 
negative allele of a mismatch repair gene may be a truncation mutation of a mismatch repair 
gene (preferably a truncation mutation at codon 134, or a thymidine at nucleotide 424 of wild- 
type PMS2). 

The invention further provides homogeneous compositions of cultured, hypermutable, 
mammalian cells that are capable of producing antibodies and contain a dominant negative 
allele of a mismatch repair gene. The mismatch repair genes may include, for example, PMS2 
(preferably human PMS2), MLH1, PMS1, MSH2, or MSH2. The dominant negative allele of a 
mismatch repair gene may be a truncation mutation of a mismatch repair gene (preferably a 
truncation mutation at codon 134, or a thymidine at nucleotide 424 of wild-type PMS2). The 
cells of the culture may contain PMS2, (preferably human PMS2), MLH1, or PMSJ; or 
express a human mutL homolog, or the first 133 amino acids of hPMS2. 

The invention further provides methods for generating a mutation in an 
immunoglobulin gene of interest by culturing an immunoglobulin producing cell selected for 
an immunoglobulin of interest wherein the cell contains a dominant negative allele of a 
mismatch repair gene. The properties of the immunoglobulin produced from the cells can be 
assayed to ascertain whether the immunoglobulin gene harbors a mutation. The assay may be 
directed to analyzing a polynucleotide encoding the immunoglobulin, or may be directed to 
the immunoglobulin polypeptide itself. 

The invention also provides methods for generating a mutation in a gene affecting 
antibody production in an antibody-producing cell by culturing the cell expressing a dominant 
negative allele of a mismatch repair gene, and testing the cell to determine whether the cell 
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harbors mutations within the gene of interest, such that a new biochemical feature (e.g., over- 
expression and/or secretion of immunoglobulin products) is generated. The testing may 
include analysis of the steady state expression of the immunoglobulin gene of interest, and/or 
analysis of the amount of secreted protein encoded by the immunoglobulin gene of interest. 
The invention also embraces prokaryotic and eukaryotic transgenic cells made by this process, 
including cells from rodents, non-human primates and humans. 

Other aspects of the invention encompass methods of reversibly altering the 
hypermutability of an antibody producing cell, in which an inducible vector containing a 
dominant negative allele of a mismatch repair gene operably linked to an inducible promoter 
is introduced into an antibody-producing cell. The cell is treated with an inducing agent to 
express the dominant negative mismatch repair gene (which can be PMS2 (preferably human 
PMS2), MLH1 , or PMS1). Alternatively, the cell may be induced to express a human mutL 
homolog or the first 133 amino acids of hPMS2. In another embodiment, the cells may be 
rendered capable of producing antibodies by co-transfecting a preselected immunoglobulin 
gene of interest. The immunoglobulin genes of the hypermutable cells, or the proteins 
produced by these methods may be analyzed for desired properties, and induction may be 
stopped such that the genetic stability of the host cell is restored. 

The invention also embraces methods of producing genetically altered antibodies by 
transfecting a polynucleotide encoding an immunoglobulin protein into a cell containing a 
dominant negative mismatch repair gene (either naturally or in which the dominant negative 
mismatch repair gene was introduced into the cell), culturing the cell to allow the 
immunoglobulin gene to become mutated and produce a mutant immunoglobulin, screening 
for a desirable property of said mutant immunoglobulin protein, isolating the polynucleotide 
molecule encoding the selected mutant immunoglobulin possessing the desired property, and 
transfecting said mutant polynucleotide into a genetically stable cell, such that the mutant 
antibody is consistently produced without further genetic alteration. The dominant negative 
mismatch repair gene may be PMS2 (preferably human PMS2), MLH1, or PMS1. 
Alternatively, the cell may express a human mutL homolog or the first 133 amino acids of 



hPMS2. 
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The invention further provides methods for generating genetically altered cell lines 
that express enhanced amounts of an antigen binding polypeptide. These antigen-binding 
polyeptides may be, for example, immunoglobulins. The methods of the invention also 
include methods for generating genetically altered cell lines that secrete enhanced amounts of 
5 an antigen binding polypeptide. The cell lines are rendered hypermutable by dominant 

negative mismatch repair genes that provide an enhanced rate of genetic hypermutation in a 
cell producing antigen-binding polypeptides such as antibodies. Such cells include, but are 
not limited to hybridomas. Expression of enhanced amounts of antigen binding polypeptides 
may be through enhanced transcription or translation of the polynucleotides encoding the 

10 antigen binding polypeptides, or through the enhanced secretion of the antigen binding 
polypeptides, for example. 

Methods are also provided for creating genetically altered antibodies in vivo by 
blocking the MMR activity of the cell host, or by transfecting genes encoding for 
immunoglobulin in a MMR defective cell host. 

15 Antibodies with increased binding properties to an antigen due to genetic changes 

within the variable domain are provided in methods of the invention that block endogenous 
MMR of the cell host. Antibodies with increased binding properties to an antigen due to 
genetic changes within the CDR regions within the light and/or heavy chains are also 
provided in methods of the invention that block endogenous MMR of the cell host. 

20 The invention provides methods of creating genetically altered antibodies in MMR 

defective Ab producer cell lines with enhanced pharmacokinetic properties in host organisms 
including but not limited to rodents, primates, and man. 

These and other aspects of the invention are provided by one or more of the 
embodiments described below. In one embodiment of the invention, a method for making an 

25 antibody producing cell line hypermutable is provided. A polynucleotide encoding a 

dominant negative allele of a MMR gene is introduced into an antibody-producing cell. The 
cell becomes hypermutable as a result of the introduction of the gene. 

In another embodiment of the invention, a method is provided for introducing a 
mutation into an endogenous gene encoding for an immunoglobulin polypeptide or a single 

30 chain antibody. A polynucleotide encoding a dominant negative allele of a MMR gene is 
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introduced into a cell. The cell becomes hypermutable as a result of the introduction and 

expression of the MMR gene allele. The cell further comprises an immunoglobulin gene of 

interest. The cell is grown and tested to determine whether the gene encoding for an 

immunoglobulin or a single chain antibody of interest harbors a mutation. In another aspect 
5 of the invention, the gene encoding the mutated immunoglobulin polypeptide or single chain 

antibody may be isolated and expressed in a genetically stable cell. In a preferred 

embodiment, the mutated antibody is screened for at least one desirable property such as, but 

not limited to, enhanced binding characteristics. 

In another embodiment of the invention, a gene or set of genes encoding for Ig light 
10 and heavy chains or a combination therein are introduced into a mammalian cell host that is 

MMR defective. The cell is grown, and clones are analyzed for antibodies with enhanced 

binding characteristics. 

In another embodiment of the invention, a method will be provided for producing new 

phenotypes of a cell. A polynucleotide encoding a dominant negative allele of a MMR gene 
15 is introduced into a cell. The cell becomes hypermutable as a result of the introduction of the 

gene. The cell is grown. The cell is tested for the expression of new phenotypes where the 

phenotype is enhanced secretion of a polypeptide. 

These and other embodiments of the invention provide the art with methods that can 

generate enhanced mutability in cells and animals as well as providing cells and animals 
20 harboring potentially useful mutations for the large-scale production of high affinity 

antibodies with beneficial pharmacokinetic profiles. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Hybridoma cells stably expressing PMS2 and PMS134 MMR genes. 

25 Shown is steady state mRNA expression of MMR genes transfected into a murine hybridoma 
cell line. Stable expression was found after 3 months of continuous growth. The (-) lanes 
represent negative controls where no reverse transcriptase was added, and the ( + ) lanes 
represent samples reverse transcribed and PCR amplified for the MMR genes and an 
internal housekeeping gene as a control. 

30 Figure 2. Creation of genetically hypermutable hybridoma cells. Dominant negative 
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MMR gene alleles were expressed in cells expressing a MMR-sensitive reporter gene. 
Dominant negative alleles such as PMS134 and the expression of MMR genes from other 
species results in antibody producer cells with a hypermutable phenotype that can be used to 
produce genetically altered immunoglobulin genes with enhanced biochemical features as 
5 well as lines with increased Ig expression and/or secretion. Values shown represent the 
amount of converted CPRG substrate which is reflective of the amount of function _ - 
galactosidase contained within the cell from genetic alterations within the pCAR-OF reporter 
gene. Higher amounts of (3-galactosidase activity reflect a higher mutation rate due to 
defective MMR. 

10 Figure 3. Screening method for identifying antibody-producing cells containing 

antibodies with increased binding activity and/or increased expression/secretion 

Figure 4. Generation of a genetically altered antibody with an increased binding 
activity. Shown are ELISA values from 96-well plates, screened for antibodies specific to 
hlgE. Two clones with a high binding value were found in HB134 cultures. 

15 Figure 5. Sequence alteration within variable chain of an antibody (a mutation within 

the light chain variable region in MMR-defective HB134 antibody producer cells). Arrows 
indicate the nucleotide at which a mutation occurred in a subset of cells from a clone 
derived from HB134 cells. Panel A: The change results in a Thr to Ser change within the 
light chain variable region. The coding sequence is in the antisense direction. Panel B: The 

20 change results in a Pro to His change within the light chain variable region. 

Figure 6. Generation of MMR-defective clones with enhanced steady state Ig protein 
levels. A Western blot of heavy chain immunglobulins from HB134 clones with high levels 
of MAb (>500ngs/ml) within the conditioned medium shows that a subset of clones express 
higher steady state levels of immunoglobulins (Ig). The H36 cell line was used as a control to 

25 measure steady state levels in the parental strain. Lane 1 : fibroblast cells (negative control); 
Lane 2: H36 cell; Lane 3: HB134 clone with elevated MAb levels; Lane 4: HB1 34 clone with 
elevated MAb levels; Lane 5: HB134 clone with elevated MAb levels. 

Methods have been discovered for developing hypermutable antibody-producing cells 
by taking advantage of the conserved mismatch repair (MMR) process of host cells. 

30 Dominant negative alleles of such genes, when introduced into cells or transgenic animals, 
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increase the rate of spontaneous mutations by reducing the effectiveness of DNA repair and 
thereby render the cells or animals hypermutable. Hypermutable cells or animals can then be 
utilized to develop new mutations in a gene of interest. Blocking MMR in antibody- 
producing cells such as but not limited to: hybridomas; mammalian cells transfected with 
5 genes encoding for Ig light and heavy chains; mammalian cells transfected with genes 

encoding for single chain antibodies; eukaryotic cells transfected with Ig genes, can enhance 
the rate of mutation within these cells leading to clones that have enhanced antibody 
production and/or cells containing genetically altered antibodies with enhanced biochemical 
properties such as increased antigen binding. The process of MMR, also called mismatch 
10 proofreading, is carried out by protein complexes in cells ranging from bacteria to mammalian 
cells. A MMR gene is a gene that encodes for one of the proteins of such a mismatch repair 
complex. Although not wanting to be bound by any particular theory of mechanism of action, 
a MMR complex is believed to detect distortions of the DNA helix resulting from non- 
complementary pairing of nucleotide bases. The non-complementary base on the newer DNA 
15 strand is excised, and the excised base is replaced with the appropriate base, which is 

complementary to the older DNA strand. In this way, cells eliminate many mutations that 
occur as a result of mistakes in DNA replication. 

Dominant negative alleles cause a MMR defective phenotype even in the presence of 
a wild-type allele in the same cell. An example of a dominant negative allele of a MMR gene 
20 is the human gene HPMS2-134, which carries a truncating mutation at codon 134 (SEQ ID 

NO: 15). The mutation causes the product of this gene to abnormally terminate at the position 
of the 134th amino acid, resulting in a shortened polypeptide containing the N-terminal 133 
amino acids. Such a mutation causes an increase in the rate of mutations, which accumulate 
in cells after DNA replication. Expression of a dominant negative allele of a mismatch repair 
25 gene results in impairment of mismatch repair activity, even in the presence of the wild-type 
allele. Any allele which produces such effect can be used in this invention. Dominant 
negative alleles of a MMR gene can be obtained from the cells of humans, animals, yeast, 
bacteria, or other organisms. Such alleles can be identified by screening cells for defective 
MMR activity. Cells from animals or humans with cancer can be screened for defective 
30 mismatch repair. Cells from colon cancer patients may be particularly useful. Genomic 
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DNA, cDNA, or mRNA from any cell encoding a MMR protein can be analyzed for 
variations from the wild type sequence. Dominant negative alleles of a MMR gene can also 
be created artificially, for example, by producing variants of the HPMS2-134 allele or other 
MMR genes. Various techniques of site-directed mutagenesis can be used. The suitability of 
5 such alleles, whether natural or artificial, for use in generating hypermutable cells or animals 
can be evaluated by testing the mismatch repair activity caused by the allele in the presence 
of one or more wild-type alleles, to determine if it is a dominant negative allele. 

A cell or an animal into which a dominant negative allele of a mismatch repair gene 
has been introduced will become hypermutable. This means that the spontaneous mutation 

10 rate of such cells or animals is elevated compared to cells or animals without such alleles. 
The degree of elevation of the spontaneous mutation rate can be at least 2-fold, 5-fold, 10- 
fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, or 1000-fold that of the normal cell or 
animal. The use of chemical mutagens such as but limited to methane sulfonate, dimethyl 
sulfonate, 06-methyl benzadine, MNU, ENU, etc. can be used in MMR defective cells to 

15 increase the rates an additional 10 to 100 fold that of the MMR deficiency itself. 

According to one aspect of the invention, a polynucleotide encoding for a dominant 
negative form of a MMR protein is introduced into a cell. The gene can be any dominant 
negative allele encoding a protein, which is part of a MMR complex, for example, PMS2, 
PMS1, MLH1, or MSH2. The dominant negative allele can be naturally occurring or made in 

20 the laboratory. The polynucleotide can be in the form of genomic DNA, cDNA, RNA, or a 
chemically synthesized polynucleotide. 

The polynucleotide can be cloned into an expression vector containing a constitutively 
active promoter segment (such as but not limited to CMV, SV40, Elongation Factor or LTR 
sequences) or to inducible promoter sequences such as the steroid inducible pIND vector 

25 (Invitrogen), where the expression of the dominant negative MMR gene can be regulated. The 
polynucleotide can be introduced into the cell by transfection. 

According to another aspect of the invention, an immunoglobulin (Ig) gene, a set of Ig 
genes or a chimeric gene containing whole or parts of an Ig gene can be transfected into 
MMR deficient cell hosts, the cell is grown and screened for clones containing genetically 

30 altered Ig genes with new biochemical features. MMR defective cells may be of human, 
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primates, mammals, rodent, plant, yeast or of the prokaryotic kingdom. The mutated gene 
encoding the Ig with new biochemical features may be isolated from the respective clones 
and introduced into genetically stable cells {i.e., cells with normal MMR) to provide clones 
that consistently produce Ig with the new biochemical features. The method of isolating the 
5 Ig gene encoding Ig with new biochemical features may be any method known in the art. 
Introduction of the isolated polynucleotide encoding the Ig with new biochemical features 
may also be performed using any method known in the art, including, but not limited to 
transfection of an expression vector containing the polynucleotide encoding the Ig with new 
biochemical features. As an alternative to transfecting an Ig gene, a set of Ig genes or a 
10 chimeric gene containing whole or parts of an Ig gene into an MMR deficient host cell, such 
Ig genes may be transfected simultaneously with a gene encoding a dominant negative 
mismatch repair gene into a genetically stable cell to render the cell hypermutable. 

Transfection is any process whereby a polynucleotide is introduced into a cell. The 
process of transfection can be carried out in a living animal, e.g., using a vector for gene 
15 therapy, or it can be carried out in vitro, e.g., using a suspension of one or more isolated cells 
in culture. The cell can be any type of eukaryotic cell, including, for example, cells isolated 
from humans or other primates, mammals or other vertebrates, invertebrates, and single celled 
organisms such as protozoa, yeast, or bacteria. 

In general, transfection will be carried out using a suspension of cells, or a single cell, 
20 but other methods can also be applied as long as a sufficient fraction of the treated cells or 
tissue incorporates the polynucleotide so as to allow transfected cells to be grown and 
utilized. The protein product of the polynucleotide may be transiently or stably expressed in 
the cell. Techniques for transfection are well known. Available techniques for introducing 
polynucleotides include but are not limited to electroporation, transduction, cell fusion, the 
25 use of calcium chloride, and packaging of the polynucleotide together with lipid for fusion 
with the cells of interest. Once a cell has been transfected with the MMR gene, the cell can 
be grown and reproduced in culture. If the transfection is stable, such that the gene is 
expressed at a consistent level for many cell generations, then a cell line results. 

An isolated cell is a cell obtained from a tissue of humans or animals by mechanically 
30 separating out individual cells and transferring them to a suitable cell culture medium, either 
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with or without pretreatment of the tissue with enzymes, e.g., collagenase or trypsin. Such 
isolated cells are typically cultured in the absence of other types of cells. Cells selected for 
the introduction of a dominant negative allele of a mismatch repair gene may be derived from 
a eukaryotic organism in the form of a primary cell culture or an immortalized cell line, or 

5 may be derived from suspensions of single-celled organisms. 

A polynucleotide encoding for a dominant negative form of a MMR protein can be 
introduced into the genome of an animal by producing a transgenic animal. The animal can 
be any species for which suitable techniques are available to produce transgenic animals. For 
example, transgenic animals can be prepared from domestic livestock, e.g., bovine, swine, 

10 sheep, goats, horses, etc.; from animals used for the production of recombinant proteins, e.g., 
bovine, swine, or goats that express a recombinant polypeptide in their milk; or experimental 
animals for research or product testing, e.g., mice, rats, guinea pigs, hamsters, rabbits, etc. 
Cell lines that are determined to be MMR defective can then be used as a source for 
producing genetically altered immunoglobulin genes in vitro by introducing whole, intact 

15 immunoglobulin genes and/or chimeric genes encoding for single chain antibodies into MMR 
defective cells from any tissue of the MMR defective animal. 

Once a transfected cell line or a colony of transgenic animals has been produced, it 
can be used to generate new mutations in one or more gene(s) of interest. A gene of interest 
can be any gene naturally possessed by the cell line or transgenic animal or introduced into 

20 the cell line or transgenic animal. An advantage of using such cells or animals to induce 

mutations is that the cell or animal need not be exposed to mutagenic chemicals or radiation, 
which may have secondary harmful effects, both on the object of the exposure and on the 
workers. However, chemical mutagens may be used in combination with MMR deficiency, 
which renders such mutagens less toxic due to an undetermined mechanism. Hypermutable 

25 animals can then be bred and selected for those producing genetically variable B-cells that 

may be isolated and cloned to identify new cell lines that are useful for producing genetically 
variable cells. Once a new trait is identified, the dominant negative MMR gene allele can be 
removed by directly knocking out the allele by technologies used by those skilled in the art or 
by breeding to mates lacking the dominant negative allele to select for offspring with a 

30 desired trait and a stable genome. Another alternative is to use a CRE-LOX expression 
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10 



15 



system, whereby the dominant negative allele is spliced from the animal genome once an 
animal containing a genetically diverse immunoglobulin profile has been established. Yet 
another alternative is the use of inducible vectors such as the steroid induced pIND 
(Invitrogen ) or pMAM (Clonetech) vectors which express exogenous genes in the presence of 
corticosteroids. 

Mutations can be detected by analyzing for alterations in the genotype of the cells or 
animals, for example by examining the sequence of genomic DNA, cDNA, messenger RNA, 
or amino acids associated with the gene of interest. Mutations can also be detected by 
screening for the production of antibody titers. A mutant polypeptide can be detected by 
identifying alterations in electrophoretic mobility, spectroscopic properties, or other physical 
or structural characteristics of a protein encoded by a mutant gene. One can also screen for 
altered function of the protein in situ, in isolated form, or in model systems. One can screen 
for alteration of any property of the cell or animal associated with the function of the gene of 
interest, such as but not limited to Ig secretion. 

Examples of mismatch repair proteins and nucleic acid sequences include the 

following: 



PMS2 (mouse) (SEQ ID NO:5) 



20 



25 



30 



40 



MEQTEGVSTE 
YGVDLIEVSD 
TISTCHGSAS 
YSKMVQVLC'A 
PFVQLPPSOA 
PSLSLSMRFY 
GMFDSDANKL 
LREAFSLHPT 
SPGPGMDREE 
DCRPPG7GQS 
EVDVAIKMNK 
LRKEISKSMF 
I TPQTLtILT7\ 

del: fmlsds 
phgrp7mrhv 



CAKAIKPIDG 
NGCGVEEENF 
VGTRLVFDHN 
YCIISAGVP.V 
VCEEYGLST3 
HKYNRHQYPF 
NVtlQQPLLDV 

p;eiksrg?et 
iekpsglsst 
lkpedhgyqc 
rivllefsls 

7vEMEILG<jFN 
VIIEAVLIEI1L 
FGVMCRPSRV 
A1JLDVIS=J1J 



ksvhqicsgq 
eglalkhhts 
gkitqktpyp 
sctnqlgqgp: 
grhktf3t fp. 
vvenvsve'se 
egnlvklhta 
aeltrsfpse 
sagseeefst 
kaepearlsp 
slakpimkqlq 
lgfovtklke 
ei frkngfdf 
rom fas rag r 



VILSLSTAVK 
KIQEFADLTC! 
RPKGTTVSV'J 
P HAVVCTSGT 
ASFHSARTAP 
CVDINVTPDK 
ELEKPVFGKOj 
KRGVLSSYPS 
PEVASSFSSD 
TIIAKRFKTEE 
HLKAQNKHEI, 
DLFLVDQHAA 
VIDEDAPVTE 
KSVMIGTALU 



35 PMS2 (mouse cDNA) (SEQ ID NO:6) 



qaazz ozqqZ 
zaacczqz zq 

azqqqaajzz 
Zqaaqqaqzt 
aagactatgg 



gaaggtcetg 
•:.:ag>.3taa:g 
g.agagcggca 
j zaaaczqaa 
ajtz ratcaa 
q ataaa a aat 
g gt jqacztc 



aagaatttc z 
azqViqtaz^ 
ccg :aac:c: 
qgzqzqaqta 
art: jtz zt g 
aqt g^agatg 
att gaagttt 



ELIENSVDAG 
VETFGFPGEA 
HLFYTLE VP Y 
SGMKENIGSV 
GGVQQTGSFS 
P'jILLC'EEKL 
E-NSPSLKSTA 
EVISYP.GLRG 
YIJVSSLEDRF 
RPSIIVEISQF 
SYRKFKAKIC 
DEPCYnFEMLCj 
FAEL'SLPTS 
A3EMKKLITH 



aqatzzzzqa 
zq :aacaga a 
■—gcggt g-a 
-a gaat gt g z 
gg-aggtig^t 
ztqqZjztaz 



qzaz Z'lZtqq 
atgggtgtic 
zzqzjzzzjq 
:aa^: rate 
azzzajzzta 
tactattgat 



caga-aatgg atgtggggta 

14- 



ATTIDLPLKE 

LSSLCALSE-V 

KEFQr.tllKKE 

FGQfvjLQSLI 

SSIRGPVTQQ 

LLAVLKTSLI 

DEKFA'ASISR 

SQDKLVSRTD 

3QE7I1ICGDL 

LPGPQST3AA 

FGENQAAELiE 

QHTVLQA'JRL 

K!JWTFGPQEH 

MGEMDHPWIJC 



aggagacaga 
ctggagacgg 
agga jzczt g 
aa j :cta:t g 
a g -a re get g 
ctaaggetta 
gaa gaa gaaa 



12' 

HO 

3 00 

3 0'": 

4 0 0 

4 0 0 

5 -1 0 
0 :'» 0 

6 0 -J 



7 0 
3 4 0 
0 4 
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aCtttGBaJ^ 

cgcaggttga 

a I f-. a t CT 3Qda 

t a c agcictt 
ao:agt attc 
gt ::taa 4 erg 
g -acgr — gg 

ctt :-a^a ::g 
c .^ggg^gg 
a ^aaa^g:: 
cr.:tg';:g: 
a r a a a a g g r a 
t .7 a t a g 7a at 
a -_ r 1 1 g a g 5 
a j : a a g a t a a 
ccaggrtgag 
a ^a rt get ga 
c t *:. ca g a rgt 
3 :j aca g re r 
gracct rage 
g t g a c t. a t -a a 
a r rcg ca rt g 
a at gcaaa g r 
a ]gaaa gac r 
e.gcega ggt 
t lagrtcac: 
a-;t gag it a 
a-gaac*: rag 
1 1 =ac rt ggg 
ctg eg gang a 
g go tea tea c 
a r. ctgg aaa t 
ct gaaag gge 
a t a t a g a t g a 
2 agt caga ea 
t :aatgcgag 

a rtgaca :ac 
t*.:taar.aa 
a 1 1 1 a a a a g 
t g a t e e g g t g 
a 4 ace r a a 1 1 



rctg 
-gge 
-toe 



tcrag: 
a a c e t t 
a 1 e e a ■: 
a a e c a c c e a g 
attttataca 
caaaatggtg 
C3ct aat a: a g 
c a t qaag ga a 
c ^tccaqtcg 
c ta raa.a ae 2 
agta;raatag 
cct aa gctc g 
c rtc aaogt: 
,iat:::a::i 
gtttgacagt 
t. a a .: e e a g e a 

agaggcrtct 
art g a:: a ::q g 
j t rt :r,a - 
e ggt ga rtgt 
t: jgrt r- fag 
■Mtg a g :u :o 
r-g-t rt eea 
■ ::a-::r: r 3 
c t e a a a t g t 2 
r gat gtagcr 
a grraagega 
;r a g a a a a e + ; z 
a a a a g a g a 1 1 
attt a tag 4 : a 
qa a g taeaae 
aoeecagace 
ar t eagaaag 
t a a a 1 1 g a z z 
a rtoatet tt 
gatgtt t get 
egaga t ga ag 
c ggeag gc :a 
■:; rcttgtagc 
tctgattat 2 
c a g t g 1 1 a a g 
agagetcatg 
c a a g 0 a c a a a 



a a a e a t e a c a 
cttcgggqgg 
cacoa gtct g 
aaaa : : e Z 

ca g ■ g e :t::a c 
cttrgaeacg 
aata t rqggt 
cc: r r t ci g t g 

a:a:g:ag*. t 
t e aatga ggt 
t:::::ga:t 
c a a g a a g a a 
ga t::aaa:a 
aag:':g: a z a 
ct gaa gag.: a 
tct rt teat c 
agt \ e t ee a a 
a gagg ret :c 
atg gacag^g 
gaagagtt ra 
r t a ]aa gac a 
ggt ^eagg^e 
grtcgect 3t 
aaeatttet - 
a t a .a aaa:.n 
a t_ g a a g e a g t 
agggc aaa ga 
agt aaatcga 
ae raaaet ga 
1 1 1 ga gat go 
c tgaa :ttaa 
aatgget teg 
t. cettaccaa 
a t g z t a a g r. g 
tccagagcrt 
a agctca: e a 
accatga g ge 
a t a g a g 1 1 1 a 
q t t g t a c a a a 
qcaggratqa 
tgaqc :ca gg 
a a a a a a a a 4 a 



cat et aagat 
a a g c t c z g a g 
c a a g c g etgg 
aeecccgacc 
gttacaaaga 
a ggegtact g 
ggaagrggca 
ctgccttt gg 
a 2 get gtgt 7 
t.t rgggct.t :: 
tt t ettcat :; 
1 1 tat eaca t 
ca gaatgtg- 
ag ::ta z tget 
a g 2tz aat gt 
ct g :a gaa :*: 
ca g ca gac ga 
::a rtaaa ga 
gt j ag aaa a g 
gt ggctcgra 
ag a a a at a g a 
gca—ccag.. 
gaectt -tea 
3 gt re- tgaa 
c a ;::a :aa a 
a a a gat tg r 2 
a z a a g a gaa t 
t a .: a >:ac r t 

t gt 1 1 g 2 a g a 
a a gagg a cot; 
t gcagcag ca 
ct get gtcaa 
act ttgtcat 
c t a g t a a a a a 
■a c a g c 3 c t g g 
gt rg gaagtc 
cz-23 rat ggg 
a eg t z ge raa 
t ta ragattg 
aat tagrat g 
t g g a g t g 1 1 2 
actttgagac 
tatttttoaa 



t tCddJagt 



ri a c ■_. c g a e g 
\ a a a g g a a e c 
■g 1 1 1 c a g a g g 
z at cat ct ca 
<~gttgtggtg 
c 2 agaagcag 
t g aaga gt ac 
.a 1 1 1 c a t a g t 
a ate a g a g g t 
-tacaaregg 
agatattaat 
; grcgttt t a 
: a a tc age ag 
■_x g a a a a g c :r t 
■gaaaagggta 
g a t e a a g t c t 
ggqcgt gtta 
g g a 2 a a a 1 1 g 
a a a a g a .: t e a 
agtggrcagt 
g ga a a r ca t a 
g : ca gaagac 
t ?c:aa jege 
tggtcrccag 
rgtgttrrte 
.-,aagg::gcag 
pa a a a-.: raa 
g atg gagat e 
rttcrt ggtg 
caeggtgrte 
t gaagct gt a 
t ga tg aggac 
ctggacctt t 
ggt catgtge 
agtgatgat t 
t gagatgea 2 
t r t g g a t q t e 
t teggtttgt 
ctgrtttaat 
rt tt aqct ca 
caetcegagc 
gecttttaaa 



gccgaoctca 
gc actaaqtg 
gt gt 1 1 gac:: 
;- - r. - - ,- : t ( 



ac a : J t ;d'_;Lg r . .' 

a a e a z z a a a a ' . . ' ; 

gca:g rgtec 7 1 : 

tg rac a a gcg : : ^ '.' 

1 1 g ra a a g re ;v 
ggt rt ga gra .' 

gra.tgrarg'g 1 :^ 

c::rga::: ± ~. - J 

catragtatr 1 -i ■'. 

gtaattcrag i: r 

^ag^rrtrrt l--:" 1 

gt gr raggaa 1 t 
grat r rat rt 2 4 r 
aggggtc rag : : 

gcg^gtrrca 
gggrtragra :. i : -r 0 
agcttta gra ^1 ■ ' 
aartgtggtg 
:at g gat at r 1 - 
tt raa g a ra g 1 
a g rac'.rt rag 1 t 1 "' 
ga gtt rt rtc 4 
a a raa aeat g .". 1 '.■ 
grageagaag 1 
rtgggtcagt ^;;.-) 
gaeragratg J--- : '- 
■raggrgeaga ,":?-i0 
ctgatagaaa 1' 4 00 
qctreagtca ;:4o0 
cqaceceaag ..: = ^0 
egqrect ra r t^O 
cqaaegacqc 04 0 
racrertgga 0 r 'Jt 
atetrtcaga .". 7 » : " 0 
aaagagaagg ." 0 2 0 
gtactggatr J:c0 
gctacttggg 0 04 0 
cacatt catg 3 0 ! ":-0 
a a a a a a .'■ '. ; 0 d 





PMS2 (human) (SEQ ID NO:7) 






MEFjAESSSTE 


7AKA:Kr I PR 


FCOVHOIC^GQ 


VVLSLSTA7K 




VGVDLIEVSD 


ligCGVEEEIJF 


F.GLTLKHliTS 


?:iCEFAnLT'0 




T: STCHASAK 


VOTr 1MFE : HN 


GFTIOKT? YP 


p ppgotvsv^o 


50 


V AKKV--;?VLI:A 


vo: I^AGIPV 


S OTUO/IGOGK 


popVYCTGGf 




JTVOLFPSL'S 


YCFEYCLSOS 


PAL HI )L FY IS 


GFI ?0 : CTHGnY 




:-:vc?lvi:f.vv 


HMYNRH'jV PF 


YY1.L I SYf'GF 


CYiaNVTFDK 




i.gi-ir rs::vi:r;L 


myooyph- : V 


eg:;l:?:i:h^a 


l-LEKPMVFKm 




t a Lr H r !'T 


EtlK-'iiPPr^TP 


FtFH.oPlG^K 


PGYLOSPTGG 


55 


r odft:^aev 


E?:000}-OoYS 




: .7 YH YSSF YA 




ET DDSF:? i )VD 


■'Mi^tl'jEOT gC 


rCFF Yl r:i v0 Til 


LA7PUTKF.PY 




J?A3C-VLO"AVK 


inKKY'/PLL F 


G[40SLAKi- :t: 


C'PHHEAflGYF 




r.L-ELPKf.13?: 


IKFAEME I T G 


■;p:;lgf: : y?; 


l::elif:ypq 






1TA'/!]EAV1I 


fl'le: fp?:ik; 


fifyii:e:iap 


60 


■I'OVDEl : FM1 


odspg"/m:p.p 


ff;;klmfasr 


a:f-.ksvmi-3t 




WIICPH jF-.PTM 


phia:jlgvis 


■1^ 





F.LVEtlSLL-AG ATI 1 1 PI .KLKD 

YLTFGFF GEA LoSLOALSPV 

'j] .FSTLF YF'H KFFQF H I KKK 

r SIKEUIGSV F'.^;o:0:L.ijPPI 

gPSSYPF OFF FI!:PF F-g'eF A 

F L'l I.L(jFE?v'L 0 L A V L F : T 0 0 1 

POSPFLPTGE FFFr-YYTPPL 

at or ?;GYir p oo;f/-.yy SOHG 

AOYi GLP.GYQ FHYl .-.jFrlAP 

i-:FF:L00StI TajrY YIJYvL-M 

;E(:ji:Y"r.KFFA ::iYPgE!],0--A 

iiATL-FKYKKE ML^'l'HTVL-jG 

ytefakl: fl pts:-wIwtfgp 

ALIJTSEMKKL ITHMGEMPHP 



110 



4 : ' 



- 15 - 
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50 



55 



60 



PMS2 (human cDNA) (SEQ ID NO: 8) 

egaggcggac egggtgttgc 
aaggccatca a ac ztattga 
ctgagtctaa q;a:tgcggt 
aatattgat 7 t a a a g tttaa 
t gtgggcta g a a g aa gaaaa 
c a agagc tt g c :: j a t tta a t 
ttattttgtg cattgagtga 
a tt t ga :tga t gttt gat :a 
a gagggacta ca gtcagegt 
:::: aa a gg a at a 1 1 aag a a 
at tattt ta g ca gg tat t -g 
t tt gt g gtat gcaca ggt tg 
1 a g a a g a g t t g : a a a g t .; t 
gaagagtatg gt 1 1 g tg cr g 
a 1 1 1 za 2 a a t gc a t gc a t g g 
aa ttggtgg t tctgtgat 
t at a at t ga t ac 2 a gtatc t 
g a t a t c a a c g 1 1 a c t a 2 a g a 
gc a gt 1 1 ta a ag aa 1 1 
a gt :agcagt cactgecqga 
g a -a a ag tc ta t gg t aga -a^a 
aaaga t jtgt : :att^::tag 
aa g ::toa ta gc cea aagac 
at get gtct t eta gca tt t 2 
gaggcagega gtr ccagc .:a 
gatttggggc aeggtagtae 
agt tact gca gcag c gagca 
gtggactctc a gga gaaagc 
t taaaccag g aa gat accg g 
ac etc aaaca caaagcgttt 
a a gtt agt aa a tact ca gga 
aagaaa g 1 1 g : gcctctgga 
ca t tat g aag cacagcaaag 
t g t c c t g ga g a a a a t 2a a g c 
ttt gca gaa a :g gaa a teat 
gaggacatct tcata gtg ga 
tag tag :aca ccgt g 2 tec a 
get gtt aat g aacc tgtt tt 
t ttg tta teg atgaaaatgt 
a g t a a a a a c t g ga cc 1 1 c gg 
a gecctg gqg tcatgtgcc g 
c g g a a g t tug t g a t g a 1 1 g g 
cacatggggg a gate ga tea 
atcgccaac: t gcrct gt cat 
tttategtag atttttatgt 
atgaaacctg etacttaaaa 
tt ttt eaaac c 

PMS1 (human) (SEQ ID NO:9) 



a t c t a t g g a a 


e g a g c t g a g a 








teggaagtc^ 


g t c c a t c a g a 


1 1 1 g e ■_ c t g g 


g t a g g ^ g g l a 




a a a gga gtt n 


gtagaaaaca 


g t e t g g a t g c 


t g g t g 1 1 a e t 


- 1 -, 


gga ttatgga 


g t g g a t 2 1 1 a 


tt gaagtttc 


a. _j _ d — g -Jill 




c 1 1 2 g a a g g 2 


1 1 a a 2 t 2 1 g a 




at 1 1 a a g a 1 1 




t ta ggttga a 


accttt ggct 


t ^ ^g gg ^g ga 






t gt rat tat t 


t tta tttgc 2 


a t gc at tg gc 


i"I a 3 "lit*" t ITh 




caatgggaaa 


a 1 1 a t : :aga 


aaac : t : : t a 


■ __^g... 




g :a gca gtt a 


1 1 tt ::aca: 


t a tetgtg tg 


cta'-aagg^a 


[.. ^ ■ 


ggaqtatgt : 


a a a a t g gt c 2 


a g g t t c t a a a 


t g tat a 1 1 a _ 




t g t a a g 1 1 g 2 


a t 2 a a t tag t 


ttggataagg 


aaaatga tag 


1, t 


aag:::: 2 ag 2 


a t a a a g gaa a 


atattggttt 






ca ttt ttt- t 


gtt t a g ttg t 


c 1 1 tt a gt ga 


- L - - g t g _. g 




tttggatgcc 


1 1 g t a t aat t 


1 1 1 1 1 1 a a a t 


1 1 1 a g g t : 1 1 




a j 1 1 g g a a g g 


ag'ttaatag 


a a a g a a a g 1 1 






agtaaa ggt j 


: ge a g act 2 g 


t g a a t ga g g t 


tta 1 1 a t a t 3 


_1 t", ."l 


at ttgrtgtt 


ttt a a t a 1 1 1 


3 u . ^ a - 


.1 g -a n _ g - g . - 


.- ^. .-j 


t a a a a g g 2 a -a 


attttgatat 


a a g a g g a a .a a 


g tt 1 1 1 gt tg 




g at ag ga a tg 


t ttgat agt g 


a t g t ta a t a a 


g 1 1 a a a t g t c 


I '1 " 


tgttgaaggt 


a ac 1 1 a a t a a 


aaatgtatgt 


a geggatt t g 




g tag gat caa 


- - --- - - 


ta a ggact g g 


■a ^ >i Tt g J a >.Tt -_i 




a t t j t g a g a g 


attttttttt 


ttagttaaat 


a a t a ga g a a t 


1 '-■ " ■" 


tc tagaa ::a 


agaaggagee 


et tt agg aca 


g a a aag g g g - 




aggtgtcatc 


:. et ga ta aag 


gc gtcct gag 


a c c 1 1 a g a a a 




egg a tec a gt 


gaattt a egg 


a t a ga gcg g a 


ggt gga gaag 


1 -" i"l : 'i 


ttccgeggat 


t ttgaggggt 


t -.ag .^-n t _ ._. „ 


ag t'ta tg gg t 


1 - \ 


t geggtcage 


tec tcagggg 


ac ag g gg t : t 


g 't agg a a c a t 




gt ttgaaacc 


g ac ga ttct t 


t:tca g a t g t 


■ggact g t tat 


- y c ■■ , 


at gtaaattt 


egag 1 1 1 tgc 


ttc agecaac 


t a a ^ c t c g 2 a 


1 7 4 '"1 


t aaaaa ag a a 


ga a a 1 1 c 1 1 1 


c c a g 1 1 1 1 g a 


■t a 1 1 1 g t c a a 


1 :"i :"t 


ca t gtcagee 


:c tcaggttg 


a t g t a g c t g t 


gdaaa - t_ o a i. 


1 ■■■■ *5 • ' 


cttctcta tg 


a g 1 1 c 1 1 1 a g 


ctaaacgaat 


d a ci g 0 g ^ 


1 ^ ! _1 


t g aa gg gga a 


caga attaca 


ggaag:ttag 


g g ^ a a -a g a l l 


1 : ^ ■: 1 


age agaagat 


oaact a a gaa 


a a g a g a t a a g 


t a a -a a c g a t g 


■ '1 1 a 


tg gt tag::: 


a a t ttg gga t 


t : a t a a t a ac 


taaactgaat 


"' " '"l 1") 


cc a gca tg t t 


aeggacgaga 


a g t a t a a 1 1 1 


cgagat gctg 


_lhJ 


ggggca gagg 


■etcatagca 2 


ct ta gactct 


caaetta act 


!' / : J 


ga t agaa a a t 


2 1 g g a a a t a t 


1 1 a g a a a g a a 


tggctttgat 


j J: 1 0 


tec agt ca rr 


g a a a g g get a 


aact gat ttc 


tt tgc t a a tt 




accccaggat 


g 1 1 g a t g a a c 


tgat cttcat 


getgagegae 


4 0 0 


g:::tc:cga 


>:: t e a a g t a g a 


tgtttgccte 


ragagtctgc 


60 


gaetgetc:: 


aacaca age g 


a g a t g a a g a a 


aetgatca tc 


1 r : JO 


cecctg gaae 


tgtceccatg 


g a a g g e c a a t 


cat gaga tac 


. : b 8 :.") 


ttt: e a g a a c 


t. gat tgtagt 


cactgt a t gg 


aat aat t ggt 


: 1 4 u 


tttgaaaqae 


agagtctt ta 


etaacctttt 


ttgttttaa a 




aaaataca t a 


t cacacccat 


1 1 aaaact ga 


tcttgaqaae 


j~tO 

0 7 71 



MtCQLEAATVR 
If.'AVDAPVMA 
YVLE-GSCHIL 
1 LKF U'LF I \'F 
r FCT-ADHSFT 
tTTALVtA'NL 
^KTAETEjVLF 
:;SSEI3NTEK 
NEEEAGLEtlS 
LtJEL SCNFf 03 



LLS 

vhi: 

S L £ 

??r: 

NKY 
NTr: 
SEI 



YTS 

p;av 

TFE 

E S ? 

3AD 
L'NK 



TS 
M3 



I I 
FT 

T C0 : 3 
IWO'K 
PSFI 
VLLQ 

i:;rt;Y 

CFIS 
F-WSR 
:3GFV 



VYSVVKEFIE 
HEPLENLTTY 
TTVTALF.I FF 
tPYSPHPOYAL 

vzust pyp::-f 

NFF3\ r LIALE 

srivr-TSv: f f 

MF-IIVSWEtiF-Q 
Gill LKIJSYGE 
TAYDLLSNPV 



HSLLAGATSV 
GFPGF.ALGSI 
]]LF\T?:-tFYS 
MSVI.GTAVMN 
T J Lr'L ] r.HHY 
YLM'OTCYGPL 
uNr-MHMLESG 

tey3f:tcfis 
ijiepvfilvp 
ip;kpmsasal 

- 16 - 



OYKLEI-iYGFL 
CGTAEYLITT 
"'/-.P'KGrT'E I F 
tl^ES'F^VHSF 
NLFGLFEGTF. 
PSTNSYENNK 

ki;tl" t :u:hq 

S\'FHT03FNG 
EKSLPCprVSH 
FVQDHF FC'FL 



F1EVPF-FGEG 
FTAADMFSTQ 
Kl t'F I.LKS FG 
ES'l'I YLSOE'L 
LYFVFFLK1 D 
TL"\'SAJ-.U-I\ J L 
ZS JGL FG Y GH 
riFE'HlLESGE 
NNYP7FECMN 
IENPKTSLED 



-t0 
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PATENT APPLICATION 



ATL'jIEELWK 71SEEEKL?'Y EEFA7KDLE? 
NLA^KHr'Lr-: ;--L5NQF>:LL" E LLCSC'lErCF* 

ioefcl: h'.'i. rfpi: awlk" s KTLv;-:i:Li:t y 

< *LF , J<~SH v ir VLYP';-!TAL % t C : KYSG?7YI.SI 

glffygyaim. KE:i:iA::,;:F kakeyyecf :-" 
:yf.:-::-'i-:c fgi: fikfcvhgfe ffkh:,7Y'_e-f 

PMS1 (human) (SEQ ID NO: 10) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



ifi Ch ZC t C .5. i rl 

ga ?iaOc :f/. 
at gaa iatv, 
ata :;a :a: at 
t a agaa ag ;a 
at aac ae aaa 
ag .r:jr.:r. 
a ggg j- a: -j : 
a 1 t a tot a a j 
: a .: a a ga a a q 
a ga a a aa :: a a 
attt aa atea 
aaa g a -aagt 
■aga :ttgtra 
■::-j:i?-:t.].a 
a^-:a tctgg 
t gcatiatqa 
gtgacttt gg 
at gcatutca 
gtaaaactt g 
at ata gat ga 
ctgcagatga 
at gt ga aaa a 
:aat-:.:::tga 
at aaa a aa a -a 
xatgrcag a 
ctaag act a g 
a a ga gg aaaa 
aaaag aagag 
t a aaacccac 
at aaa a aa a a 
tt aa = 3 teg a 
acaaagat g a 
atgea-ggee 
a age rat get 
a g c a a a 1 1. at 
aaat gacagc 
cag eg a at gg 
aaatagaagg 
ttaa:q:t.at 
aaa gtt attt 
aagagaacat 
aqtgt gtt. ca 
taaat atgt t 
tea ggtttta 
ctgaettgtt 
aac 



g a - g at ~ qcg 
aaaa qcgaaa 
eat e a at. aeg 
eaeaagega a 
egg gag-rat 
a at j a a t agt. 
gggge a* aat 
a aag aac a aag 
eggtcaagare 
gtt 1 1 aet aa 
gag -ttt ggt 
a t j g a a g a a ca 
a gt ~ atgaac 
tg gaatt ate 
a. j*. tteaae 
ae a*: a a*., a a a 
gaaaatcgac 
att att aaaa 
a gga ccaata 
aatcget att 
aaa g aat t at 
t gaatetgga 
tt at ggt aat 
ggaeatttea 
ttt t ataa gt 
gagt g-g g-g aa 
geggageagg 
tttagtgaet 
a a a a a t g a a t 
t gg a aaage t 
aagagetett 
tatagaggat 
a at gaa at at 
a ge aat t gaa 
cagegeatgg 
aat: gaag a a 
a eag at a a ae 
ct t a gaa gag 
aat gaca t a a 
at t taaaaga 
cat a a e a g a g 
agar, ga a aa a 
ttt aaa rata 
aat g ge t aat 
att. aaa cag a 
a gag g gaga a 
e a a a g a a a 1 1 
t gq t a g acea 
t aa gaagatt 
aattat cttt 
tttatattga 



act a gtg gaa 
a t (.: a a ca a a a * 
gtagtcagtg 
aa*. gtt aaa e 
ateaagg atg 
aaa gaa gat a 
age tgt aa a g 
tat gtttt a g 
.a e a a a ^ a t a a 
aet gcaa a a a 
at a att aaa a 
a ge aga gta a 
aat a a g g a a a 
e a aaaa a gt g 
a a e a t a aac--. 
a a a e tga a a -. 
gtt a ata aag 
aaa a aggaat 
a at a gtaea a 
ag taa aaeag 
aeaaat gtt g 
aaa aaa aetg 
tgtagtagtg 
at gagt a at g 
a eeg t taage 
aa tg a ggaag 
ggaaa tat ae 
ga aaa aagt t 
attaangaa j 
a c a g a 1 1 a t g 
tttgttcaag 
gcaaca et ae 
ga aga gaagg 
cag ga gt cae 
aat a tggee a 
ateattcagt 
tattt atat ga 
aa ggatgaac 
aaa a eaga gg 
cttett gaga 
agtettttta 
ac at ac agt g 
aaat tga tae 
tgtetce aat 
a a tgcaa ag g 
g a a gtg agt a 
a t c t a c a g a a 
ttttta aate 
a gt taeeat. t 
gtattat gtg 
aaaaa attc a 



t F.I TAT .'Gt V.i 
- w: PYLEGE 



qataat. tgec 
aaeeaaeggc 
a t ga a a a a '.a a 
a ggagaace a 
a a gat gea a a: 
a. tga aaat 1 1 
et gaggttat 
at ggeagt jg 
eagattta^g 
a at gt aa ag a 
et g aett a a g 
a a ga teae a a 
aatat aagaa 
at gcagac aa 
gt agaeeagt 
g at aaa gga 
gat gtt ga 
atgttteaa t 
at aateatqa 
e a g aaac a ga 
ata attea gt 
atgattgttt 
a a a 1 1 1 e t a a 
tat eatggga 
aeaec aagte 
aa gaa g gtcc 
tta a aaat t e 
aac aat gt aa 
att a a tgt a a 
a 1 1 1 a a 1 1 a g 
a teat c gt cc 
a aa ttgaaga 
■atactaaag a 
aaatgtcact 
agaagcacaa 
eecaaat t ga 
aaaaett aaa 
attgettgat 
t aat gtt at t 
a tea taa act 
atggatct -aa 
gat caact ta 
aaggagt t tc 
t et atggagt 
a agt t tat ga 
tat ecacaea 
t g a a g c a c a a 
att taaccta 
gaaattggtt 
t eaeatggtt 
acqtattgta 





Rr'?:i KPTSAW 






KP^NKVDLEE 




LLCKHKLT AE 


FPEPPIMLYE 






i;vle:egmai; 


t 


AVRLSPQEPM 


YPS?*ED 


a : j 


- goctcgcgc 


t a aeag a aa^g 




0 aeagt tega 


ca 'act 1 1 aaa 




acet a^ a gaa 


aac- ecttgg 




aqgat a tgat 


aaaattgag^g 


* ~* 


a at aat gga a 


at gaa g t a c t 


'-' ■ 


gacaac t a ae 


g g a T 1 1 a gt g 


- 


.a att. a >.a a .a a a 


a gaaeggat g 




a a .a cat. ac a t 


t a t cag a a a a 




at tattt aag 


a a tct a a at g 




a 7 aaat a. a a a 


a a gat ae aag 




gut tgt aatt 


g t a a a a a a a a 


r r. ■ 


g-.tgg :t at a 


at gt cage tc 


- ■ 


react at gaa 


g^atcteaga 




at att t a aat 


agt at t tc a a 


'■: 4 0 


a rate a aaaa 


g a a atct ta a 


r .■ 'J 


aa ata at agt 


tt gvatcetg 




agt a a at t ta 


a^.aa ac agat: a 




a jatctt gaa 


acta: gat ga 


1 t 'r- l_1 


a a a a a a t a a a 


a a a ga tgt 1 1 


. I i . 


tgtgattttt 


a a a -a aagt g g 




a attc aattc 


a a a a a t gat a 


; '.; ;' ' ' 


aaat aaacag 


at aag tat tg 


^ ■ -■ 


aatt gat aaa 


a acactaaga 


- - r - '■■ 


gaactct aag 


a -eg gaa tat a 


14 4 0 


agaaaat ggc 


a a a aaaga cc 


* f 1 ■"■ ,_ i 


t gaa a act at 


teggaaatt t 


I 5 L 1 


agtgggagag 


a atat tgaac 


i 1 1 j 


agtaagt a at 


aa aaat tat c 


1 ( :"' ; r 0 


aaa aa aa t aa 


aat gtaatag 


1 7 4 0 


aaa a cgagta 


a t c a a g a a a c 




tcagtttcec 


a a agaaaat c 


_ 8 0 


act gtggaag 


a aatt gagt g 


1 '? 1 0 


attggaacga 


t acaatagt c 


- - ■ ■- ■ 1 


a a aag at ggc 


agaaaaaaga 


J. 0 4 0 


gttaaaaacc 


t c a 1 1 a t c t a 


^ 1 t 


a aaaa ga agg 


ag tea a aat a 


_ 2. : .i 


aat aaat ttt 


a agaaacaa a 


a a a '. 


acaeaat etc 


agg ttt cctg 


/. '. 


aaat cca tat 


a ga gtagaag 


a *■ 4 ' 


t cctcca ga g 


cca at ggaaa 


1 4 0 ■ 


t tatt taga a 


gt t ttatata 


J ■': t 


cat gt at gat 


cct egt atta 




aat tact gaa 


aat tacttgg 




age a gat tt a 


a a a g a a a 1 1 c 




a tgt a ga cc t 


cgcaaagt ga 




att acccat g 


t acttatcaa 




gtt tc ga aat 


a .a a a 1 1 a a a g 




tcttc aagaa 


act acatgat 




ctg teat aaa 


a a a g c a t g a g 




atttt. ttaaa 


t gaggattca 




gaaaacgtaa 


ataaactaat 





03 
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PATENT APPLICATION 



MSH2 (human) (SEQ ID NO:l 1) 



10 



15 



20 



KAVCTKETL 7 
C GVI FE'Y 3F A 




AA.EV 3 r V 


F F E' jFj r HjT f 


TTTVPEEEE 




F' r Y 






LLA 


AP.EVF 


ET 




ELYb v ' v ' L 








EYY 


?'NP- 


YGEE 




EEEWY 




E PFAG F GYLE J 


r E .. 


_ i_i r ■ .j . il i !.■ 




FMSAYL F7F 






r YY 


^- 31 C ■ 


F EE 


FEE/EE 


PF 




7 g " 


7 3PEEG\" 








'.i j. ^ 


- ^ r 




r 


TrT.'IY 


' . r . 


EMF.I .Lr'Gr'r" F 


EC.:-: 


eea\e..pe 


F1F.NP7AVS EE 








ENE 






FF F'SY 




FLEIAAYFAL 


ele 


j fsyefy 




ep'gpyf 




EYE 


;jw: 


?'TF'E 


EFE 


NF FEE 


:\E 


ELYEFvFYE 7 A 


ELF 


■jELE'EL'l, 


Lr.?. FTT LEP E 


ap'eftptaa 




e :»r. 




EYC-G 


:ey 


EFEYI 




EEFTiEGFYiEE 


EL E 


AF'EYTFL 


FYLFGF FGEE 


Yemfeyee: 






EI if: 


E FLY 


EPF 


FF PHI 


EE 


lfe:m::di.l?: 


FY^ 


GTE7 G7.A 


PEEGEL FG? E 






YEE 






FYE 


FEEPFY 


FE 


FYL IYEEGFT' 


ft:: 


GKETSEE 


EFYEP-EK7EE 


E FA£' Fj A YE E 




Y. E 


• c 


7 EYE 


F M , 


FEEL". 


I , A 


CI.L AVVSFAK 




■JAPVrVV 


r F AFEEP'GT 


f : flfe.eph 


A 


CYE 


y<; r. 


EI7vF 




LYYFL 


FT 


f'C.t:fh:i eg f 


ef:f 


GES7FYP 


efgyffe.pla; 


:gge\tgee 


A 




~ FT. 


7 7 E7i 


f.y ; 


AGF)E7 


EF' 


gyst ft:aff:l 


eee 


gilfefef 


?e7SE7f:fee 


:;f fgetyfg 




GEA 








YGAEG 


Mr' 


af'Efeeeeal 


ai:-,. 


: ETYKKE 


KV77EL/TTFL7 


E7M1 j Y£;7FE-. 


' .i 


Y "!L 


yEF 


3 7 EE/ 


ae: 


AEEPF 


liY 


7 PE77iFC j m K7-.EE 


EEE 


etyfgee 


7GYL TMEF AA 


FY "EFEEPF 




FEI 


: T'E 


EES?' 






FE- 


efeft:feeff; : 


eff~ 


eyfetfiik 


E EYEET : EFT 


FY'TY 

















MSH2 (human cDNA) (SEQ ID NO:12) 



25 



30 



35 



40 



45 



50 



55 



1 ' Q rgqraaac 


aoY -.agF.gg 


■r.r;c-.iac.jt 


gg .>gtg-::a-7 


jcttegtgrg 


e~ t : r t *; -a 7 


^rc ggr re ga 


:F .: tat a ag 


tcaaga :■: ::a 


g't?G Tt ga f; 




t aa aatgaat 


acagagt tga 


a gt t r a ta ag 


atttg gcata 


ta a-rgct t at 


acaatgatat 


gt ragcttt: 


agagaca ggt 


tggagt t ggg 


t; gat aa 


tga ttagtt z 


aaFgvgnt^Y 


a -r t-tggagga 


a aagaa T ga'7g 


aat :ctgat:: 


at rag <a :>:t 


aaa-:: r ggt,tg 


t gc aa>ga aat 


ggagaatca g 


aaotctv ate 


ag a t gat tec 


a jtat aLga a 


at tggatatt 


aa gat aoc ac 


tg .7 ttetca g 


rjaea aagact 


t gt t aac rag 


a gaga t tg a a 


tt ta gt ggaa 


a a gat tta-rt 


t-::-ii. rgattc 


r agcaa act*: 


a :aa gatt gt 


-racaggjtct 


g g a a a a a .: a t 


:t-:cY:::a: 


tgatcttcg t 


::a ga t. a t g g a 


t-r fj ggtgga a 


t-ragt gaat z 


a a 7 a gaa a t a 


g: geagecag 


a r at rttgg r 


a gtt t .7 gat a 


ttactttcgt 


a rtt tagtac 


tgt agatatc 


rttt=satga 


aca^tat acc 


t z a a a g a a a t 


t-.i t raatat t 


t rtt a r :t ra 


c _*t a gat get 


:r a t a t g t a r g 


a r ra gceat t 


g gca t r :t t g 


t ; 1 1 gaa gt t 


a a a a a g a t a a 


a - a gat gtt r 


a tat t r ga r a 


a a rtgqggt g 


a g t c a g r a g a 


a gt gte aatt 



gt.gtggg<u t 


c rgoat t ta.c 


t * caa^r caqg 


a g gt ga«g gag 




regaagg^-r a 


cr.regea r: t 


g ga ? a^geg^r^r 


gc rqaggtcg 


! ■ ' 


gg -atg re^rf 


a-"iaa gc'.:-jia r 


cac r a ra |ng 


e-g-r rttt t r g 




ge rca r gg r -j 


.rga rc-grt 


'j Y. ggrcgr : 


: gg ga ggt gt 




a. a rt a rat g ; 


g-T3 7gq:a ;g 


a g r a a a g a u t 


rt g raga g tg 


'3 . 1 '"l 


ttt gaatctt 


r tgt aa a a ga 


t rttctt-rcg 


gttcgt ra g t 


r 0 


aat agaget-g 


gaa a ta ag g e 


ate ra ag g ag 


aatgattggt 


■1 E 0 


cet'g gca a t r 


teteteagtt 


tgaagaeatt 


e t ctt t'.ggta 


4 > ; : C 


att ggtgttg 


t g ggtgt t a a 


aatgt.rrgr a 


gtt gat pgee 


F 4 0 


tatgtggatt 


c rat ararag 


gaa act a gga 


et gtgtgaat 


E E 


t reaa tettg 


argctctcet 


cat rcagac t 


agae7aaagg 


r F 


q-dga rt get g 


gagacatg^^g 


■g aaa rtgaga 


aa gat aat tc 


7 F 0 


ac a raaagaa 


a a a a acc*". ga 




aaa gaca ttt 


7 7 0 


tt gaaa jgra 


a a aagg ga ga 


g r a gat gaa t 


agtg-::t gtat 


t -10 


gtt-geagtt t 


cat r act etc 


r gcggtaat 7 


aagttttta g 


9 E 


aact ttgga r 


agtt tgaaet 


gactactttt 


gacttcagcc 


9 E 0 


geageagtea 


gagrccttaa 


rctttttcag 


ggttctgttg 


1 E E 0 


trtrtggrtg 


r rt t get gaa 


t a a g tgtaa a 


accc rtcaa g 


1 E :-"•! (j 


tggattaage 


a gectet rat 


e gat aag a a r 


ag aata g a gg 


3 1 ■*! 0 


gettttgtag 


a aga tge aga 


a tt gag g ra g 


act tea caag 


1 7' 0 e 


7 ra gat rt*: a 


accg ac t t gc 


r aagaagt 1 1 


raaa gaca ag 


i ." E"i 


tacrrja rt rt 


at ra ggg t at 


a a a t c a a c r a 


crtaatgtta 


] FEE 


gaa ggaa a a r 


accag aaa 1 1 


atr.gtt ggca 


g 1 1 ttt gtga 




er-gaett rt 


r r a a g 1 1 1 -ra 


g g a a a t g a t a 


g a aacaa rt t 


1 -i 0 


aa>7eatgaat 


t ret t 1 1 aaa 


a r r 1 1 c a ttt 


g = i;r:t aat r 


1 FE'"' 


atgaatga rt 


t gga aaa gaa 


gat gc a gt r a 


a r a 1 1 a a t a a 


7 :: * 1 E 


ttg ga re rt g 


gcaaaca gat 


t- aaa rtggat 


t c ragt rear 


F 7. (J 


gt a ace t gla 


age a aga a aa 


a gtectt c-gt 


a a e a at a a a a 


1 r r E 


cagaaga at g 


gt gt taaatt 


t a c c a a c a g c 


aaa ttgactt 


174'") 


a a a a a : a a a a 


r a gaa t a tga 


a g a a g c c e a g 


g a t g rcatt g 


7 F EE 


tc 1 1 c ac g-r t 


a t gta gaa rc 


a a* g 7a g ae a 


rtcaatgatg 




gttgt ea g rt 


t t-gct rac gr 


c 1 1 ca a at. gc a 


rearctgttc 




etggagaaag 


g a 7 a a g g a .a g 


a a 1 1 a r a t z a 


aa a gcatcca 


F ' -: 1 


7a aga tga aa 


1. 1 gca 1 1 ~. at 




rt at acttt g 




7a rat cat t. a 


c*. ggceccaa 


cat gga g gt 


a ; a a t caaca t 


E 1 0'"i 


at agtact ta 


t ggccr^aat 


tegctrtt. tt 


gc r eratgt g 


n g 


gt ggact gca 


tctta geccg 


agtaggggat 


ggt gacagt c 
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10 



15 



aattgaaagg 


agtctceacg 


ttcatggctg 


aaatgt tg ga 


ctgcaaciaa 


agar t cat c a 


ataatcatag 


atgaattggg 


^ r g a a * 1 1 a a 


gt tagcat gg 


get atatcag 


aatarattge 


gcatg-.tigc 


a a c c c a 1 1 1 1 


catgaactt-u 


etg rrttgg t 


ataat ;ta:a 


tgtcacagaa 


c t c a c e a c t g 


a ag a ga cc 1 1 


a a a a a g g t g t 


ct gtgat :aa 


agttttggqa 


1 1 c a t g 1 1 g z 


a ';:at g t a a t 


agagtgtgat 


a a a z a g a a a g 


c cc t g g aa r t 


g-3aa*.:g :: a 


ag gatat gat 


atcatggaaa 


cagragcaaa 


agaaargtga 


a a a a a 1 1 a 1 1 


caggagttc 


tgt: ::aag gt 


a j a t g : a g a 


a gaaaa^atc 


a :a a t a a agt 


t a a a a z a g r 1 


a .f a a t a a t ag 


c 1 1 1 g t a a a t 


g a a a t r a 1 1 1 


c a c g 3 a t a a a 


c * g t a a t 5 g a 


a t g a a g g t a a 


t a 1 1 g a t a a g 


ctattgtttg 


a r .attha::c 


1 1 1 1 1 c a a t a 


gtgttaartg 


tcagt gerca 


a*.5tt:3r.a 


at attc :a:t 


tt ga gga rat 


tttraaagat 


g :tgtaa::q 


agga rt gttt 


g:aat:ga :a 


t ag g r aa t a a 


ataaataaaa 


teat gt agt t 


t gt gg 





a a 



a 1 

a g 

"3 
ga 
g a 
a a 
ag 
ta 



rtgette 
g a g q a a c 
a a a a a t 



j t a 
age 
agg 
agt 
a ac 
nag 



ata 
t g gga 
1 1 1 1 a 



a gt 
] 

a a a 

- - 3 
: t a 

rat 
*' " t 
:at 



at 
t g 
a a 
eg 
tt 
:a 

-g 



atcct eag gt 
t et aect a eg 
ggtgettttt 
c z a a et gt t a 
tateaggt ga 
aatttrrcta 
c a gta t at t g 
c t gg a a a gag 
c:ctttartg 
g t a a t a g z a a 
t gaa a a at c r 
atatt gtttt 
a r 1 1 a a t a a g 
aaaaa t gaga 
grtgaatttt 



MLH1 (human) (SEQ ID NO:13) 



20 



25 



30 



■■NAN 



SF7A7VIFP. 
eE^SYGIFF 

gfgaypasy 

P.V.r VHK7-.7.I 

lv: vtivi 

SYTSLYTSSS 
GF-AFvCE'EE 
YFIT SFP:EM 
<KL>Y?;LY LL 
^PFEGLAEY 
TEVi;WE^EK 
PCALFSHILP 



I LFTYYNF 1A 
F 7 IE I YGFF F 

£Lj^fl?:apf:< 

SFSYr;KLGET 

ysykfmi fi.l 
fheyhflhee 
tssssfkvy.a 
klelpafaev 
taagtffpfi 
fttklseelf 
ivefl?;kkae 

ECFESLSKEC 
PF'HFTEDGl 31 



A IE Y IGF PA: 
TTSFLGSFF. 
F ZYAGNGSTG 
VAEY'-TLFIL 
FINrir LYES 
SILEFV-X'H 

h-mypte'sf 
aafy-isle;; 

1NLTSVL3F 

ygilt yd fa 
mlalyfsle 
amfysifkcj 

LQl.AFLPPL 



aifekielgl 
las i st yc fp 
tvf.e=lfy::i a 
s t yf'l i f s i f 
slfka1fyyy 
esfxlgsfss 

QFI.LAFLt.pl, 
TTFGTSLt-:SE 
EEINECOHFV 
FGYLF LS EF'A 
E'EEGFLTGLP 
ISEEST LSGQ 
KVFEFC 



L-Ar'ST S1LVI 
C- F ALAS I SHV 

TFF falfyps 

GFAYSF LI. IE 
AAYL r FLYLH F 
PKYFTC-'LL P 
SFF LS S l_ F QA 

p:pgftsslpf 
lf f.mi.hiihsf 
flfe-la:-*lal 
llj e iffy fpl 

CjSEYPGSI PL 



VFEG1 
AHVT I 
EFYG?: 
IGGEP 
F'LYLS 
G LAG F 
I 7TFL"' 
FFF.F L 
VGGYL 

e-sfes 
eglp: 

SWKWT 



LKLIQ 
TTKTA 
I LEVY 
FTLAF 
FL ISP 
SGEMV 
FTE'IS 
DSDVE 
PQWAL 
GWTEE 
F1LPL 
YEH1V 



MLH1 (human) (SEQ ID NO: 14) 



35 



40 



45 



50 



55 



a ca g c ggt g a 
gagat gattg 
ggagccrtga 
gatat tgt at 
atttct acct 
ae.tatta taa 
a a act gaaag 
.racer, ttt tt 
gg gaaaa t 1 1 
g 1 1 a a a a a a c 
gacaatatt z 
gag ga taaaa 
a agaa gt gca 
aaagtcatag 
ctcagtt tag 
gttcaettcc 
ctcct g g g et 
jgcrtctctg 
agt agt a ata 
gat g rat ttc 
gag g at a aga 

gggartt eag 
eg ggaagatt 



■-t g gc grca a 

agaact gttt 
agtt ga tt ra 
gt gaaaggtt 
atggcttt rg 
cga aaacagc 
rccttcct aa 
acaacat age 
tggaagttgt 
aaggagagac 
g rtccatctt 
crccagrctt 
tcttcttact 
a aacag tgt a 
a a .a t c a g t r c 
t gcac gag ga 

g g gagat ggt 
a ggtct at ge 
z g ra gect ct 

rt ret gaagt 
aa at gtcaga 
et gat gtgga 



aat gr cgt t : 
gg-- - ?ggga ^ 
aga t g taaaa 
gat ccaa ga r 
raet act agt 
a ggt gaeget 
t gat rgaaag 
aecatgt act 
■ra r gag gag a 

tggr.agq~.at 
agt age tg at 
t ggaaatg rt: 
c aaaat gaa t 
rtt catcaa c 
t gragectat 
■rcagaa tgt. g 
ga gc at cc tg 
ra 7 gat gt ac 
taa a t r raca 
cca rcagatg 
ga g r aaa r re 
ra r-ggcagg 
gger gr raaa 
gaa gaga gga 
aat ggt ggaa 



gt gg ragggg 
gtt at ccagc 
t cca c a a gta 
aatggcaccg 
aaa rt gca gt 
ttggrcagea 
tgt gr.at aca 
ggcaatcaag 
aaaget t taa 
t ra gta-:: aca 
gtt a ggacac 
gtt agt rgag 
ggttarata: 
categtet gg 
tt ge r-raa a a 
ga tgt taatg 
gagcgggtgc 
tt ra r r rag a 
acaa gt rt g a 
gt. tc gt a rag 
rt gt rca gte 
gctaggeagc 
aat caga get 
ectaett cca 
gatgatt e re 
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tr.at trg gcg 
ig r'.: rac r t a a 
1 1 ra agt gat 
ggat ra g gaa 
■ret 1 1 gagga 
t aa gc ratgt 
gage a a gt t a 
gga :: cca gat 
a aaatc raag 
atgeaggcat 
tar r r aatgc 
a a c t g a t a g a 
c r a at gcaaa 
r a g a a t c a a c 
a racaca rcc 
tgcac rccac 
a g cage a rat 

a: t rcc g gga 
a gr r rc ag g e 
a a g a t g a g g a 
t ggaggg g ga 
geaa cec eag 
gaaaggaaat 



cct ggacgag 
t get at caaa 
t gtt aaa gag 
a gaagatctg 
t tt a gecagt 
ggct ratgtt 
ctcagatgga 
racggtggag 
t ga agaa tat 
t agtt tc tea 
ctcaacegtg 
aattggatgt 
■r tart c a g t g 
retc rt tga ga 
attc rtgt ac 
aaa g ratgaa 



rgag age, 
agga rtt 
ta rt tct 
acag aag- 
ratt gt- 
gat g rtt gaa 
a a raacaaag 
aaa gagacat 
gact geagct 



: a a g 
:get 
:gga 

}Ctt 

:aca 



31 :c 

.; .'; :j 

4 e 0 



t . ( 1 
lOL'C 

I I' :: 0 
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10 



15 



aatqagcagg 

aaOr-ttdOtg 

crcaggtta: 
gagagtgg ct 
ttt:tgaaga 
gggaacciga 
c:tatct:ca 
ga a ag cct c a 
gagtcgaccj 
tggaccgcgg 
1 1 :acagaa3 
gagaggtgtt 
cgat a a aa g 
ca:ttaaga: 
aataaatag a 



a g t 
a ag 

■-gg 

gqa 
aga 



:at gaggt 
.aggcct t 
iac _ gtt 
iqccagc 
;aga g ga 
.aggc t ga 
z tggat t a 
t^;crt:ga:t 
r.aaa;aa:a 
:::tca?g::a 
aacacattgt 
a^.ggaaatat 
a aatat ggtt 
tqttgtat :a 
t*;ata"ttgc 
tgtgtctt a a 



cat:aacc:c 
tetccgggag 
ggcacagcat 
ciaccagst a 
accgctcttt 
agatgg:ccc 
gatg2t-gca 
cctt ztgatc 
agccactgag 
cgct atgntc 
gcag agtgaa 
ctat aaagcc 
c :tg:agctt 
atttat gcac 
aagt gt gat a 
cttcr.gatag 
cata 



actagtgttt 
atgttgcata 
c a a a :caagt 
ctcat-tatg 
gac:t:gcca 
aaagaaggac 
gaccatttct 
gacaactatg 
gtgaattggg 
ta:t:catcc 
gt gcctggcc 
ttgc g::cac 
gctaa :ctgc 
rgtgggatgt 
tacaa agtgt 
tattc-ttta 



_ a. '^j _ - — a 

accact CCt t 

tgcttgcctt 
ttgctgaat a 
ctttgqaaat 
tgcccccttt 

a c g a a g a a a a 
g g a a eg c a g t a 
c;:at t c c a a a 
acattctgc: 
ctgatctat a 
gttcttctt t 
accaacataa 
tacacagt gg 



ggaagaaatt 
cgtgggctgt 
caacaccacc 
ttttggtgtt 
agatagtcca 
cattgttgag 
t aatgaggaa 
ggagqga ctg 
ggaatgt ttt 
c it atct gag 
etc rtggaag 
t:c:aaacat 
caa agt ctt t 
ct-tgtattc 
gt gtt ggtag 
attgattat a 



1- > 

1 ~:l 

1 



hPMS2-134 (human) (SEQ ID NO: 15) 

20 MERAESSSTE PAKAIKFIDR KSVHQICSGQ 
YGVDLTEVSD NGGGYEEENF E3LTLKHHTS 
T I STCHASAK VGT 



VVLSLSTAVK ELVENSLDAG A7NI DLKLKD 
KIQEFADLT£| VETFGFRGEA LSSLCALSDV 



hPMS2-134 (human cDNA) (SEQ ID NO: 16) 

25 egaggeggat cgqgtgttgc atccatggag cgagctgaga gctcgagtac agaa:ctgct 

aagg:catca aacccattga tcggaagt:a gt:.:atcaga tttg=rctgg gcaggtggta 

ctgagcctaa g^actgeggt aaaggagtta gtagaaaaca gtctggatgc tggtgccact l3u 

aatattgatc raaagcttaa ggactatgga gtggatctta ttgaagcttc agacaatgga 24-,: 

tgtggggtag aagaagaaaa cttcgaaggc ttaactctga aacatcacac atctaagatt 3 0u 

30 caagagtttg :cga-:ctaac tcaggttgaa acttttggct ttcgggggga agctctgagc 

tcactttgtg :actgaccga tgtcaccatt tctacctgcc acgcatcggc gaaggttgga -l^J 

4-j- " 4-6 

a ct t ga 



For further information on the background of the invention the following references 
35 may be consulted, each of which is incorporated herein by reference in its entirety: 



1 Glaser, V. (1996) Can ReoPro repolish tarnished monoclonal therapeutics? Nat. 
Biotechol 14:1216-1217. 

2. Weiner, L.M. (1999) Monoclonal antibody therapy of cancer. Semin. Oncol 26:43- 

40 51. 

3. Saez-Llorens, X.E. et al. (1998) Safety and pharmacokinetics of an intramuscular 
humanized monoclonal antibody to respiratory syncytial virus in premature infants and 
infants with bronchopulmonary dysplasia. Pediat. Infect. Dis. J. 17:787-791. 

4. Shield, C.F. et al (1996) A cost-effective analysis of OKT3 induction therapy in 

45 cadaveric kidney transplantation. Am. J. Kidney Dis. 27:855-864. 
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5. Khazaeli, M.B. et al. (1994) Human immune response to monoclonal antibodies. J. 
lmmunother. 15:42-52. 

6. Emery, S.C. and W.J. Harris "Strategies for humanizing antibodies" In: Antibody 
Engineering C.A.K. Borrebaeck (Ed.) Oxford University Press, N.Y. 1995, pp. 159- 
183. 

7. U.S. Patent No. 5,530,101to Queen and Selick. 

8 Reff, M.E. (1993) High-level production of recombinant immunoglobulins in 
mammalian cells. Curr. Opin. Biotechnol. 4:573-576. 

9. Neuberger, M. and M. Gruggermann, (1997) Monoclonal antibodies. Mice perform a 
human repertoire. Nature 386:25-26. 

1 0. Fiedler, U. and U. Conrad (1 995) High-level production and long-term storage of 
engineered antibodies in transgenic tobacco seeds. Bio/Technology 13:1090-1093. 

1 1 Baker S.M. et al. (1995) Male defective in the DNA mismatch repair gene PMS2 
exhibit abnormal chromosome synapsis in meiosis. Cell 82:309-319. 

12. Bronner, C.E. et al. (1994) Mutation in the DNA mismatch repair gene homologue 
hMLHl is associated with hereditary non-polyposis colon cancer. Nature 
368:258-261. 

13. de Wind N. et al. (1995) Inactivation of the mouse Msh2 gene results in mismatch 
repair deficiency, methylation tolerance, hyperrecombination, and predisposition to 
cancer. Cell 82:321-300. 

14. Drummond, J.T. et al. (1995) Isolation of an hMSH2-pl60 heterodimer that restores 
mismatch repair to tumor cells. Science 268:1909-1912. 

15. Modrich, P. (1994) Mismatch repair, genetic stability, and cancer. Science 
266:1959-1960. 

1 6. Nicolaides, N.C. et al. (1 998) A Naturally Occurring hPMS2 Mutation Can Confer a 
Dominant Negative Mutator Phenotype. Mol. Cell. Biol. 18:1635-1641. 

17. Prolla, T.A. et al. (1994) MLH1, PMS1, and MSH2 Interaction during the initiation of 
DNA mismatch repair in yeast. Science 264:1091-1093. 

1 8. Strand, M. et al. (1993) Destabilization of tracts of simple repetitive DNA in yeast by 
mutations affecting DNA mismatch repair. Nature 365:274-276. 
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19. 
20. 
5 21. 
22. 
23. 

10 

24. 
25. 

15 26. 
27. 

20 28. 
29. 

25 30. 
31. 



Su, S.S., R.S. Lahue, K.G. Au, and P. Modrich (1988) Mispair specificity of methyl 
directed DNA mismatch corrections in vitro. J. Biol. Chem. 263:6829-6835. 
Parsons, R. et al. (1993) Hypermutability and mismatch repair deficiency in RER 
tumor cells. Cell 75:1227-1236. 

Papadopoulos, N. et al. (1993) Mutation of a mutL homolog is associated with 
hereditary colon cancer. Science 263:1625-1629. 

Perucho, M. (1996) Cancer of the microsatellite mutator phenotype. Biol. Chem. 
377:675-684. 

Nicolaides N.C., K.W. Kinzler, and B. Vogelstein (1995) Analysis of the 5' region of 
PMS2 reveals heterogenous transcripts and a novel overlapping gene. Genomics 
29:329-334. 

Nicolaides, N.C. et al. (1995) Genomic organization of the human PMS2 gene family. 
Genomics 30:195-206. 

Palombo, F. et al. (1994) Mismatch repair and cancer. Nature 36:417. 
Eshleman J.R. and S.D. Markowitz (1996) Mismatch repair defects in human 
carcinogenesis. Hum. Mol. Genet. 5:1489-494. 

Liu, T. et al. (2000) Microsatellite instability as a predictor of a mutation in a DNA 
mismatch repair gene in familial colorectal cancer. Genes Chromosomes Cancer 
27:17-25. 

Nicolaides, N.C. et al. (1992) The Jun family members, c-JUN and JUND, 
transactivate the human c-myb promoter via an Apl like element. J. Biol. Chem. 
267:19665-19672. 

Shields, R.L. et al. (1995) Anti-IgE monoclonal antibodies that inhibit allergen- 
specific histamine release. Int. Arch. Allergy Immunol. 107:412-413. 
Frigerio L. et al. (2000) Assembly, secretion, and vacuolar delivery of a hybrid 
immunoglobulin in plants. Plant Physiol. 123:1483-1494. 
Bignami M, (2000) Unmasking a killer: DNA 0(6)-methylguanine and the 
cytotoxicity of methylating agents. Mutat. Res. 462:71-82. 
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32. Drummond, J.T. et al (1996) Cisplatin and adriamycin resistance are associated with 
MutLa and mismatch repair deficiency in an ovarian tumor cell line. J. Biol Chem. 
271:9645-19648. 

33. Galio, L. et al (1999) ATP hydrolysis-dependent formation of a dynamic ternary 



The above disclosure generally describes the present invention. A more complete 
understanding can be obtained by reference to the following specific examples which are 
provided herein for purposes of illustration only, and are not intended to limit the scope of the 
10 invention. 

EXAMPLE 1: Stable expression of dominant negative MMR genes in hybridoma cells 

It has been previously shown by Nicolaides et al. (Nicolaides et al (1998) A Naturally 
Occurring hPMS2 Mutation Can Confer a Dominant Negative Mutator Phenotype Mol Cell 

15 Biol 18:1635-1641) that the expression of a dominant negative allele in an otherwise MMR 
proficient cell could render these host cells MMR deficient. The creation of MMR deficient 
cells can lead to the generation of genetic alterations throughout the entire genome of a host 
organisms offspring, yielding a population of genetically altered offspring or siblings that 
may produce biochemicals with altered properties. This patent application teaches of the use 

20 of dominant negative MMR genes in antibody-producing cells, including but not limited to 
rodent hybridomas, human hybridomas, chimeric rodent cells producing human 
immunoglobulin gene products, human cells expressing immunoglobulin genes, mammalian 
cells producing single chain antibodies, and prokaryotic cells producing mammalian 
immunoglobulin genes or chimeric immunoglobulin molecules such as those contained 

25 within single-chain antibodies. The cell expression systems described above that are used to 
produce antibodies are well known by those skilled in the art of antibody therapeutics. 

To demonstrate the ability to create MMR defective hybridomas using dominant 
negative alleles of MMR genes, we first transfected a mouse hybridoma cell line that is 
known to produce and antibody directed against the human IgE protein with an expression 

30 vector containing the human PMS2 (cell line referred to as HBPMS2), the previously 



5 



nucleoprotein complex with MutS and MutL. Nucl Acids Res. 27:2325-23231. 
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published dominant negative PMS2 mutant referred herein as PMS134 (cell line referred to as 
HB134), or with no insert (cell line referred to as HBvec). The results showed that the 
PMS134 mutant could indeed exert a robust dominant negative effect, resulting in 
biochemical and genetic manifestations of MMR deficiency. Unexpectedly was the finding 
5 that the full length PMS2 also resulted in a lower MMR activity while no effect was seen in 
cells containing the empty vector. A brief description of the methods is provided below. 
" -\ - The MMR proficient mouse H36 hybridoma cell line was transfected with various 
hPMS2 expression plasmids plus reporter constructs for assessing MMR activity. The 
MMR genes were cloned into the pEF expression vector, which contains the elongation 
10 factor promoter upstream of the cloning site followed by a mammalian polyadenylation 

signal. This vector also contains the NEOr gene that allows for selection of cells retaining 
this plasmid. Briefly, cells were transfected with 1 [ig of each vector using polyliposomes 
following the manufacturer's protocol (Life Technologies). Cells were then selected in 0.5 
mg/ml of G418 for 10 days and G418 resistant cells were pooled together to analyze for 
15 gene expression. The pEF construct contains an intron that separates the exon 1 of the EF 
gene from exon 2, which is juxtaposed to the 5' end of the polylinker cloning site. This 
allows for a rapid reverse transcriptase polymerase chain reaction (RT-PCR) screen for 
cells expressing the spliced products. At day 17, 100,000 cells were isolated and their 
RNA extracted using the trizol method as previously described (Nicolaides N.C., Kinzler, 
20 K.W. , and Vogelstein, B. (1995) Analysis of the 5' region of PMS2 reveals heterogeneous 
transcripts and a novel overlapping gene. Genomics 29:329-334). RNAs were reverse 
transcribed using Superscript II (Life Technologies) and PCR amplified using a sense 
primer located in exon 1 of the EF gene (5'-tttcgc aac ggg ttt gcc g-3') and an antisense 
primer (5'-gtt tea gag tta age ctt cg-3') centered at nt 283 of the published human PMS2 
25 cDNA, which will detect both the full length as well as the PMS134 gene expression. 
Reactions were carried out using buffers and conditions as previously described 
(Nicolaides, N.C., et al. (1995) Genomic organization of the human PMS2 gene family. 
Genomics 30:195-206), using the following amplification parameters: 94°C for 30 sec, 52°C 
for 2 min, 72°C for 2 min, for 30 cycles. Reactions were analyzed on agarose gels. Figure 1 
30 shows a representative example of PMS expression in stably transduced H36 cells. 
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Expression of the protein encoded by these genes were confirmed via western blot 
using a polyclonal antibody directed to the first 20 amino acids located in the N-terminus of 
the protein following the procedures previously described (data not shown) (Nicolaides et 
al. (1998) A Naturally Occurring hPMS2 Mutation Can Confer a Dominant Negative 
5 Mutator Phenotype. Mol. Cell. Biol. 18:1635-1641. 

EXAMPLE 2: hPMS134 Causes a Defect in MMR Activity and hypermutability in 
hybridoma cells 

A hallmark of MMR deficiency is the generation of unstable microsatellite repeats in 

10 the genome of host cells. This phenotype is referred to as microsatellite instability ( MI) 

(Modrich, P. (1994) Mismatch repair, genetic stability, and cancer Science 266:1959-1960; 
Palombo, F., et al. (1 994) Mismatch repair and cancer Nature 36:41 7). MI consists of 
deletions and/or insertions within repetitive mono-, di- and/or tri nucleotide repetitive 
sequences throughout the entire genome of a host cell. Extensive genetic analysis eukaryotic 

15 cells have found that the only biochemical defect that is capable of producing MI is defective 
MMR (Strand, M., et al. (1993) Destabilization of tracts of simple repetitive DNA in yeast by 
mutations affecting DNA mismatch repair Nature 365:274-276; Perucho, M. (1996) Cancer 
of the microsatellite mutator phenotype. Biol Chem. 377:675-684; Eshleman J.R., and 
Markowitz, S.D. (1996) Mismatch repair defects in human carcinogenesis. Hum. Mol. Genet. 

20 5:1489-494). In light of this unique feature that defective MMR has on promoting MI, it is 
now used as a biochemical marker to survey for lack of MMR activity within host cells 
(Perucho, M. (1996) Cancer of the microsatellite mutator phenotype. Biol Chem. 
377:675-684; Eshleman J.R., and Markowitz, S.D. (1996) Mismatch repair defects in human 
carcinogenesis. Hum. Mol. Genet. 5:1489-494; Liu, T., et al. (2000) Microsatellite instability 

25 as a predictor of a mutation in a DNA mismatch repair gene in familial colorectal cancer 
Genes Chromosomes Cancer 27:17-25). 

A method used to detect MMR deficiency in eukaryotic cells is to employ a reporter 
gene that has a polynucleotide repeat inserted within the coding region that disrupts its 
reading frame due to a frame shift. In the case where MMR is defective, the reporter gene 

30 will acquire random mutations (i.e. insertions and/or deletions) within the polynucleotide 
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repeat yielding clones that contain a reporter with an open reading frame. We have employed 
the use of an MMR-sensitive reporter gene to measure for MMR activity in HBvec, 
HBPMS2, and HBPMS 1 34 cells. The reporter construct used the pC AR-OF, which contains 
a hygromycin resistance (HYG) gene plus a p-galactosidase gene containing a 29 bp 

5 out-of-frame poly-CA tract at the 5' end of its coding region. The pCAR-OF reporter would 
not generate p -galactosidase activity unless a frame-restoring mutation (i.e., insertion or 
deletion) arose following transfection. HBvec, HBPMS2, and HB134 cells were each 
transfected with pCAR-OF vector in duplicate reactions following the protocol described in 
Example 1. Cells were selected in 0.5 mg/ml G418 and 0.5mg/ml HYG to select for cells 

10 retaining both the MMR effector and the pC AR-OF reporter plasmids. All cultures 

transfected with the pCAR vector resulted in a similar number of HYG/G418 resistant cells. 
Cultures were then expanded and tested for p-galactosidase activity in situ as well as by 
biochemical analysis of cell extracts. For in situ analysis, 100,000 cells were harvested and 
fixed in 1% gluteraldehyde, washed in phosphate buffered saline solution and incubated in 1 

15 ml of X-gal substrate solution [0.15 M NaCl, 1 mM MgCl 2 , 3.3 mM K 4 Fe(CN) 6 , 3.3 mM 
K 3 Fe(CN) 6 , 0.2% X-Gal ] in 24 well plates for 2 hours at 37°C. Reactions were stopped in 
500 mM sodium bicarbonate solution and transferred to microscope slides for analysis. Three 
fields of 200 cells each were counted for blue (P-galactosidase positive cells) or white 
(p-galactosidase negative cells) to assess for MMR inactivation. Table 1 shows the results 

20 from these studies. While no p-galactosidase positive cells were observed in HBvec cells, 

10% of the cells per field were P-galactosidase positive in HB134 cultures and 2% of the cells 
per field were p-galactosidase positive in HBPMS2 cultures. 

Cell extracts were prepared from the above cultures to measure P-galactosidase 
using a quantitative biochemical assay as previously described (Nicolaides et al (1998) 

25 A Naturally Occurring hPMS2 Mutation Can Confer a Dominant Negative Mutator 
Phenotype Mol Cell Biol. 18:1635-1641 ; Nicolaides, N.C., et al. (1992) The Jun 
family members, c-JUN and JUND, transactivate the human c-myb promoter via an 
Apl like element. J. Biol Chem. 267:19665-19672). Briefly, 100,000 cells were 
collected, centrifuged and resuspended in 200 \x\s of 0.25M Tris, pH 8.0. Cells were 



- 26 - 




Docket No.: MOR-0003 PATENT APPLICATION 

lysed by freeze/thawing three times and supernatants collected after microfugation at 
14,000 rpms to remove cell debris. Protein content was determined by 
spectrophotometric analysis at OD 280 . For biochemical assays, 20 jag of protein was 
added to buffer containing 45 mM 2-mercaptoethanol, ImM MgCl 2 , 0.1 M NaP0 4 and 
5 0.6 mg/ml Chlorophenol red-p-D-galactopyranoside (CPRG, Boehringer Mannheim). 
Reactions were incubated for 1 hour, terminated by the addition of 0.5 M Na 2 C0 3 , and 
analyzed by spectrophotometry at 576 nm. H36 cell lysates were used to subtract out 
background. Figure 2 shows the p-galactosidase activity in extracts from the various 
cell lines. As shown, the HB134 cells produced the highest amount of P-galactosidase, 
10 while no activity was found in the HBvec cells containing the pCAR-OF. These data 
demonstrate the ability to generate MMR defective hybridoma cells using dominant 
negative MMR gene alleles. 

Table 1. p-galactosidase expression of HBvec, HBPMS2 and HB134 cells transfected 
15 with pCAR-OF reporter vectors. Cells were transfected with the pCAR-OF 

p-galactosidase reporter plasmid. Transfected cells were selected in hygromycin and 
G418, expanded and stained with X-gal solution to measure for p-galactosidase activity 
(blue colored cells). 3 fields of 200 cells each were analyzed by microscopy. The 
results below represent the mean +/- standard deviation of these experiments. 
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Table 1. 



CELL LINE 


# BLUE CELLS 


HBvec 


0+/-0 


HBPMS2 


4+/- 1 


HB134 


20 +/- 3 



EXAMPLE 3: Screening strategy to identify hybridoma clones producing antibodies 
5 with higher binding affinities and/or increased immunoglobulin production. 

An application of the methods presented within this document is the use of MMR 
deficient hybridomas or other immunoglobulin producing cells to create genetic alterations 
within an immunoglobulin gene that will yield antibodies with altered biochemical properties. 
An illustration of this application is demonstrated within this example whereby the HB134 

10 hybridoma (see Example 1), which is a MMR-defective cell line that produces an anti-human 
immunoglobulin type E (hlgE) MAb, is grown for 20 generations and clones are isolated in 
96-well plates and screened for hlgE binding. Figure 3 outlines the screening procedure to 
identify clones that produce high affinity MAbs, which is presumed to be due to an alteration 
within the light or heavy chain variable region of the protein. The assay employs the use of a 

15 plate Enzyme Linked Immunosorbant Assay (ELISA) to screen for clones that produce high- 
affinity MAbs. 96-well plates containing single cells from HBvec or HB134 pools are grown 
for 9 days in growth medium (RPMI 1640 plus 10% fetal bovine serum) plus 0.5 mg/ml G418 
to ensure clones retain the expression vector. After 9 days, plates are screened using an hlgE 
plate ELISA, whereby a 96 well plate is coated with 50|lx1s of a ljag/ml hlgE solution for 4 

20 hours at 4°C. Plates are washed 3 times in calcium and magnesium free phosphate buffered 
saline solution (PBS" ) and blocked in lOOjals of PBS " with 5% dry milk for 1 hour at room 
temperature. Wells are rinsed and incubated with 100 |ils of a PBS solution containing a 1 :5 
dilution of conditioned medium from each cell clone for 2 hours. Plates are then washed 3 
times with PBS" and incubated for 1 hour at room temperature with 50 (ils of a PBS solution 

25 containing 1 :3000 dilution of a sheep anti-mouse horse radish peroxidase (HRP) conjugated 
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secondary antibody. Plates are then washed 3 times with PBS and incubated with 50 |als of 
TMB-HRP substrate (BioRad) for 15 minutes at room temperature to detect amount of 
antibody produced by each clone. Reactions are stopped by adding 50 j^ls of 500mM sodium 
bicarbonate and analyzed by OD at 415nm using a BioRad plate reader. Clones exhibiting an 

5 enhanced signal over background cells (H36 control cells) are then isolated and expanded into 
10 ml cultures for additional characterization and confirmation of ELISA data in triplicate 
experiments. ELISAs are also performed on conditioned (CM) from the same clones to 
measure total Ig production within the conditioned medium of each well. Clones that produce 
an increased ELISA signal and have increased antibody levels are then further analyzed for 

10 variants that over-express and/or over-secrete antibodies as described in Example 4. Analysis 
of five 96-well plates each from HBvec or HB134 cells have found that a significant number 
of clones with a higher Optical Density (OD) value is observed in the MMR-defective HB134 
cells as compared to the HBvec controls. Figure 4 shows a representative example of HB134 
clones producing antibodies that bind to specific antigen (in this case IgE) with a higher 

15 affinity. Figure 4 provides raw data from the analysis of 96 wells of HBvec (left graph) or 

HB134 (right graph) which shows 2 clones from the HB134 plate to have a higher OD reading 
due to 1) genetic alteration of the antibody variable domain that leads to an increased binding 
to IgE antigen, or 2) genetic alteration of a cell host that leads to over-production/secretion of 
the antibody molecule. Anti-Ig ELISA found thatthe two clones, shown in figure 4 have Ig 

20 levels within their CM similar to the surrounding wells exhibiting ower OD values. These 
data suggest that a genetic alteration occurred within the antigen binding domain of the 
antibody which in turn allows for higher binding to antigen. 

Clones that produced higher OD values as determined by ELISA were further 
analyzed at the genetic level to confirm that mutations within the light or heavy chain variable 

25 region have occurred that lead to a higher binding affinity hence yielding to a stronger ELISA 
signal. Briefly, 100,000 cells are harvested and extracted for RNA using the Triazol method 
as described above. RNAs are reverse transcribed using Superscript II as suggested by the 
manufacturer (Life Technology) and PCR amplified for the antigen binding sites contained 
within the variable light and heavy chains. Because of the heterogeneous nature of these 
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genes, the following degenerate primers are used to amplify light and heavy chain alleles from 
the parent H36 strain. 

Light chain sense: 5'-GGA TTT TCA GGT GCA GAT TTT CAG-3' (SEQ ID NO:l) 

5 

Light chain antisense: 5'-ACT GGA TGG TGG GAA GAT GGA-3' (SEQ ID NO:2) 

Heavy chain sense: 5'-A(G/T) GTN (A/QAG CTN CAG (C/G)AG TC-3' (SEQ ID NO:3) 
10 Heavy chain antisense: 5'-TNC CTT G(A/G)C CCC AGT A(G/A)(A/T)C-3' (SEQ ID NO:4) 

PCR reactions using degenerate oligonucleotides are carried out at 94°C for 30 sec, 
52°C for 1 min, and 72°C for 1 min for 35 cycles. Products are analyzed on agarose gels. 
Products of the expected molecular weights are purified from the gels by Gene Clean (Bio 

15 101), cloned into T-tailed vectors, and sequenced to identify the wild type sequence of the 
variable light and heavy chains. Once the wild type sequence has been determined, non- 
degenerate primers were made for RT-PCR amplification of positive HB134 clones. Both the 
light and heavy chains were amplified, gel purified and sequenced using the corresponding 
sense and antisense primers. The sequencing of RT-PCR products gives representative 

20 sequence data of the endogenous immunoglobulin gene and not due to PCR induced 
mutations. Sequences from clones were then compared to the wild type sequence for 
sequence comparison. An example of the ability to create in vivo mutations within an 
immunoglobulin light or heavy chain is shown in figure 5, where HB134 clone92 was 
identified by ELISA to have an increased signal for hlgE. The light chain was amplified 

25 using specific sense and antisense primers. The light chain was RT-PCR amplified and the 

resulting product was purified and analyzed on an automated ABI377 sequencer. As shown in 
clone A, a residue -4 upstream of the CDR region 3 had a genetic change from ACT to TCT, 
which results in a Thr to Ser change within the framework region just preceding the CDR#3. 
In clone B, a residue -6 upstream of the CDR region had a genetic change from CCC to CTC, 

30 which resits in a Pro to His change within framework region preceeding CDR#2. 



- 30- 




Docket No.: MOR-0003 PATENT APPLICATION 

The ability to generate random mutations in immunoglobulin genes or chimeric 
immunoglobulin genes is not limited to hybridomas. Nicolaides et al. (Nicolaides et al 
(1998) A Naturally Occurring hPMS2 Mutation Can Confer a Dominant Negative Mutator 
Phenotype Mol Cell Biol 18:1635-1641) has previously shown the ability to generate 
5 hypermutable hamster cells and produce mutations within an endogenous gene. A common 
method for producing humanized antibodies is to graft CDR sequences from a MAb 
(produced by immunizing a rodent host) onto a human Ig backbone, and transfection of the 
chimeric genes into Chinese Hamster Ovary (CHO) cells whih in turn produce a functional Ab 
that is secreted by the CHO cells (Shields, R.L., et al (1995) Anti-IgE monoclonal antibodies 
10 that inhibit allergen-specific histamine release. Int. Arch. Allergy Immunol 107:412-413). 
The methods described within this application are also useful for generating genetic 
alterations within Ig genes or chimeric Igs transfected within host cells such as rodent cell 
lines, plants, yeast and prokaryotes (Frigerio L, et al (2000) Assembly, secretion, and 
vacuolar delivery of a hybrid immunoglobulin in plants. Plant Physiol 123:1483-1494). 
15 These data demonstrate the ability to generate hypermutable hybridomas, or other Ig 

producing host cells that can be grown and selected, to identify structurally altered 
immunoglobulins yielding antibodies with enhanced biochemical properties, including but not 
limited to increased antigen binding affinity. Moreover, hypermutable clones that contain 
missense mutations within the immunoglobulin gene that result in an amino acid change or 
20 changes can be then further characterized for in vivo stability, antigen clearance, on-off 

binding to antigens, etc. Clones can also be further expanded for subsequent rounds of in vivo 
mutations and can be screened using the strategy listed above. 

The use of chemical mutagens to produce genetic mutations in cells or whole 
organisms are limited due to the toxic effects that these agents have on "normal" cells. The 
25 use of chemical mutagens such as MNU in MMR defective organisms is much more tolerable 
yielding to a 10 to 100 fold increase in genetic mutation over MMR deficiency alone 
(Bignami M, (2000) Unmasking a killer: DNA 0(6)-methylguanine and the cytotoxicity of 
methylating agents. Mutat. Res. 462:71-82). This strategy allows for the use of chemical 
mutagens to be used in MMR-defective Ab producing cells as a method for increasing 
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additional mutations within immunoglobulin genes or chimeras that may yield functional Abs 
with altered biochemical properties such as enhanced binding affinity to antigen, etc. 

Example 4: Generation of antibody producing cells with enhanced antibody production 

5 Analysis of clones from H36 and HB 1 34 following the screening strategy listed above 

hasidentified a significant number of clones that produce enhanced amounts of antibody into 
the medium. While a subset of these clones gave higher Ig binding data as determined by 
ELISA as a consequence of mutations within the antigen binding domains contained in the 
variable regions, others were found to contain "enhanced" antibody production. A summary 

10 of the clones producing enhanced amounts of secreted MAb is shown in TABLE 2, where a 
significant number of clones from HB134 cells were found to produce enhanced Ab 
production within the conditioned medium as compared to H36 control cells. 

TABLE 2. Generation of hybridoma cells producing high levels of antibody. HB134 clones 
15 were assayed by ELISA for elevated Ig levels. Analysis of 480 clones showed that a 

significant number of clones had elevated MAb product levels in their CM. Quantification 
showed that several of these clones produced greater than 500ngs/ml of MAb due to either 
enhanced expression and/or secretion as compared to clones from the H36 cell line. 

20 Table 2. Production of MAb in CM from H36 and HB134 clones. 



Cell Line 


% clones > 400 ng/ml 


% clones >500 ng/ml 


H36 


1/480 = 0.2% 


0/480 = 0% 


HB134 


50/480= 10% 


8/480= 1.7% 



Cellular analysis of HB134 clones with higher MAb levels within the conditioned 
medium (CM) were analyzed to determine if the increased production was simply due to 
genetic alterations at the Ig locus that may lead to over-expression of the polypeptides forming 
25 the antibody, or due to enhanced secretion due to a genetic alteration affecting secretory 
pathway mechanisms. To address this issue, we expanded three HB134 clones that had 
increased levels of antibody within their CM. 10,000 cells were prepared for western blot 
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analysis to assay for intracellular steady state Ig protein levels (Figure 6). In addition, H36 
cells were used as a standard reference (Lane 2) and a rodent fibroblast (Lane 1) was used as 
an Ig negative control. Briefly, cells were pelleted by centrifugation and lysed directly in 300 
yi\ of SDS lysis buffer (60 mM Tris, pH 6.8, 2% SDS, 10% glycerol, 0.1 M 
5 2-mercaptoethanol, 0.001% bromophenol blue) and boiled for 5 minutes. Lysate proteins 
were separated by electrophoresis on 4-12% NuPAGE gels (for analysis of Ig heavy chain. 
Gels were electroblotted onto Immobilon-P (Millipore) in 48 mM Tris base, 40 mM glycine, 
0.0375% SDS, 20% methanol and blocked at room temperature for 1 hour in Tris-buffered 
saline (TBS) plus 0.05% Tween-20 and 5% condensed milk. Filters were probed with a 

10 1 : 10,000 dilution of sheep anti-mouse horseradish peroxidase conjugated monoclonal 
antibody in TBS buffer and detected by chemiluminescence using Supersignal substrate 
(Pierce). Experiments were repeated in duplicates to ensure reproducibility. Figure 6 shows a 
representative analysis where a subset of clones had enhanced Ig production which accounted 
for increased Ab production (Lane 5) while others had a similar steady state level as the 

15 control sample, yet had higher levels of Ab within the CM. These data suggest a mechanism 
whereby a subset of HB134 clones contained a genetic alteration that in turn produces 
elevated secretion of antibody. 

The use of chemical mutagens to produce genetic mutations in cells or whole 
organisms are limited due to the toxic effects that these agents have on "normal" cells. The 

20 use of chemical mutagens such as MNU in MMR defective organisms is much more tolerable 
yielding to a 10 to 100 fold increase in genetic mutation over MMR deficiency alone 
(Bignami M, (2000) Unmasking a killer: DNA 0(6)-methylguanine and the cytotoxicity of 
methylating agents. Mutat. Res. 462:71-82). This strategy allows for the use of chemical 
mutagens to be used in MMR-defective Ab producing cells as a method for increasing 

25 additional mutations within immunoglobulin genes or chimeras that may yield functional Abs 
with altered biochemical properties such as enhanced binding affinity to antigen, etc. 

Example 5: establishment of genetic stability in hybridoma cells with new output trait. 

The initial steps of MMR are dependent on two protein complexes, called MutSoc and 
30 MutLa (Nicolaides et al (1998) A Naturally Occurring hPMS2 Mutation Can Confer a 
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Dominant Negative Mutator Phenotype. Mol Cell Biol 18:1635-1641). Dominant negative 
MMR alleles are able to perturb the formation of these complexes with downstream 
biochemicals involved in the excision and polymerization of nucleotides comprising the 
"corrected" nucleotides. Examples from this application show the ability of a truncated MMR 
5 allele (PMS134) as well as a full length human PMS2 when expressed in a hybridoma cell line 
is capable of blocking MMR resulting in a hypermutable cell line that gains genetic alterations 
throughout its entire genome per cell division. Once a cell line is produced that contains 
genetic alterations within genes encoding for an antibody, a single chain antibody, over 
expression of immunoglobulin genes and/or enhanced secretion of antibody, it is desirable to 

10 restore the genomic integrity of the cell host. This can be achieved by the use of inducible 

vectors whereby dominant negative MMR genes are cloned into such vectors, introduced into 
Ab producing cells and the cells are cultured in the presence of inducer molecules and/or 
conditions. Inducible vectors include but are not limited to chemical regulated promoters such 
as the steroid inducible MMTV, tetracycline regulated promoters, temperature sensitive MMR 

15 gene alleles, and temperature sensitive promoters. 

The results described above lead to several conclusions. First, expression of hPMS2 
and PMS134 results in an increase in microsatellite instability in hybridoma cells. That this 
elevated microsatellite instability is due to MMR deficiency was proven by evaluation of 
extracts from stably transduced cells. The expression of PMS134 results in a polar defect in 

20 MMR, which was only observed using heteroduplexes designed to test repair from the 5' 
direction (no significant defect in repair from the 3' direction was observed in the same 
extracts) (Nicolaides et al (1998) A Naturally Occurring hPMS2 Mutation Can Confer a 
Dominant Negative Mutator Phenotype. Mol Cell Biol 18:1635-1641). Interestingly, cells 
deficient in hMLHl also have a polar defect in MMR, but in this case preferentially affecting 

25 repair from the 3' direction (Drummond, JT, et al (1996) Cisplatin and adriamycin resistance 
are associated with MutLa and mismatch repair deficiency in an ovarian tumor cell line. J. 
Biol Chem. 271 :9645- 19648). It is known from previous studies in both prokaryotes and 
eukaryotes that the separate enzymatic components mediate repair from the two different 
directions. Our results, in combination with those of Drummond et al (Shields, R.L., et al 

30 (1995) Anti-IgE monoclonal antibodies that inhibit allergen-specific histamine release. Int. 
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Arch Allergy* Immunol. 107:412-413), strongly suggest a model in which 5' repair is primarily 
dependent on hPMS2 while 3' repair is primarily dependent on hMLHl. It is easy to envision 
how the dimeric complex between PMS2 and MLH1 might set up this directionality. The 
combined results also demonstrate that a defect in directional MMR is sufficient to produce a 
5 MMR defective phenotype and suggests that any MMR gene allele is useful to produce 
genetically altered hybridoma cells, or a cell line that is producing Ig gene products. 
Moreover, the use of such MMR alleles will be useful for generating genetically altered Ig 
polypeptides with altered biochemical properties as well as cell hosts that produce enhanced 
amounts of antibody molecules. 

10 Another method that is taught in this application is that ANY method used to block 

MMR can be performed to generate hypermutablility in an antibody-producing cell that can 
lead to genetically altered antibodies with enhanced biochemical features such as but not 
limited to increased antigen binding, enhanced pharmacokinetic profiles, etc. These processes 
can also to be used to generate antibody producer cells that have increased Ig expression as 

15 shown in Example 4, figure 6 and/or increased antibody secretion as shown in Table 2. 

In addition, we demonstrate the utility of blocking MMR in antibody producing cells 
to increase genetic alterations within Ig genes that may lead to altered biochemical features 
such as, but not limited to, increased antigen binding affinities (Figure 5 A and 5B). The 
blockade of MMR in such cells can be through the use of dominant negative MMR gene 

20 alleles from any species including bacteria, yeast, protozoa, insects, rodents, primates, 

mammalian cells, and man. Blockade of MMR can also be generated through the use of 
antisense RNA or deoxynucleotides directed to any of the genes involved in the MMR 
biochemical pathway. Blockade of MMR can be through the use of polypeptides that interfere 
with subunits of the MMR complex including but not limited to antibodies. Finally, the 

25 blockade of MMR may be through the use chemicals such as but not limited to 

nonhydrolyzable ATP analogs, which have been shown to block MMR (Galio, L, et al (1999) 
ATP hydrolysis-dependent formation of a dynamic ternary nucleoprotein complex with MutS 
and MutL. Nucl Acids Res. 27:2325-23231). 



- 35 - 



